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Abstract 
Children with Attention Deficit Hyperactivity Disorder (ADHD) not only exhibit significant 
variability in the impulsive and hyperactive symptoms that characterise the diagnosis, but 
also in the presence and severity of impairment necessary to meet diagnostic criteria, such as 
adaptive functioning. An investigation of the mechanisms underlying this heterogeneity is 
paramount to provide effective interventions. Impaired working memory and processing 
speed have been shown to be associated with both ADHD symptoms and adaptive 
functioning. As such, the present study investigated the association between symptoms of 
ADHD, adaptive functioning, processing speed and working memory, before examining 
whether the latter two variables mediate the relationship between ADHD symptoms and 
adaptive functioning. Participants in this study included 103 children aged 6 – 12 years, 35 of 
whom were formally diagnosed with ADHD. ADHD symptom severity was assessed using 
the KSADS-PL, adaptive functioning was measured using combined teacher and parents’ 
ratings on the BASC-3, and the WISC-V assessed processing speed and working memory. In 
line with the hypotheses, the results showed that a greater percentage of children with ADHD 
displayed impairment in adaptive functioning, processing speed, and working memory 
compared to typically developing children. Significant correlations were found between all 
study variables, except between processing speed and hyperactive symptoms, adaptability, 
social skills, and functional communication. Bias-corrected, bootstrapped mediation analyses 
showed that working memory, but not processing speed, partially mediated the relationship 
between ADHD symptoms and adaptive functioning, suggesting that working memory 
should be assessed and addressed within the treatment of ADHD to reduce adaptive 
functioning impairment.  
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Beyond the DSM-5: Examining the effects of processing speed and working memory on 
Introduction     ADHD symptoms and adaptive functioning 
Attention Deficit Hyperactivity Disorder (ADHD) is a common, enduring, and 
impairing childhood-onset neurodevelopmental disorder estimated to occur in three to eight 
percent of school-aged children (Larson, Russ, Kahn, & Halfon, 2011; Moffitt et al., 2015; 
Polanczyk, de Lima, Horta, Biederman, & Rohde, 2007; Willcutt, 2012). The expansive 
literature regarding ADHD points toward a heterogeneous and complex disorder with clinical 
presentations of ADHD varying significantly (Biederman, 2005; Lahey, Schaughency, Hynd, 
Carlson, & Nieves, 1987; Wahlstedt, Thorell, & Bohlin, 2009). Empirically and clinically, 
this is evident in at least three distinctive facets; symptom presentation of the two core ADHD 
symptoms, associated functional impairment, and neuropsychological impairments (i.e., 
working memory and processing speed; Wahlstedt et al., 2009). Disentangling the association 
between these factors is imperative due to the enduring nature and detrimental long-term 
consequences associated with the disorder (Harpin, 2005), and therefore, the need to advance 
the scientific knowledge around best practice guidelines in its treatment. This thesis aims to 
carry out this investigation by first considering the various symptom presentations of ADHD 
before gaining an understanding of impairment in ADHD, followed by exploring aspects of 
neuropsychological deficits and whether these impact the relationship between ADHD 
symptoms and the associated impairments. 
ADHD Epidemiology and Symptomology  
In the general population, ADHD tends to be diagnosed twice as frequently in males 
than females, and in clinical samples, diagnoses of ADHD are made 10 times more frequently 
in males (Biederman et al., 1999; Gaub & Carlson, 1997b). In addition, as many as 90% of 
children who meet criteria for ADHD also receive diagnoses of at least one additional mental-
health disorder (Biederman, 2005; Ghanizadeh, 2009; Jensen & Steinhausen, 2015), including 
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other externalising disorders (i.e., Oppositional Defiant Disorder and Conduct Disorder), 
neurodevelopmental disorders (i.e., Autism Spectrum Disorder), mood disorders (i.e., Major 
Depressive Disorder), anxiety disorders (i.e., Separation Anxiety Disorder), and learning 
disabilities (Jensen & Steinhausen, 2015; Larson et al., 2011; Pliszka, 1998; Spencer, 
Biederman, & Wilens, 1999). 
The central facet of ADHD includes excessive impulsivity, hyperactivity, and/or 
inattention relative to the individual’s developmental age (Biederman, 2005). Inattention 
relates to difficulty sustaining attention and focus and may be exhibited as daydreaming, 
distractibility, inability to follow simple directions, and/or lack of persistence (American 
Psychiatric Association, 2013; Biederman, 2005). Whereas, hyperactivity/impulsivity refers 
to inappropriately elevated levels of activity and poor impulse control, manifesting as 
fidgeting, difficulty waiting in line or taking turns, excessive talking, and/or reacting to slight 
frustrations with aggression (Biederman, 2005).  
 Based on this pattern of symptoms, the current Diagnostic and Statistical Manual of 
Mental Disorders – 5th Edition (DSM-5) lists 18 symptoms which differentiate three 
subtypes, predominantly inattentive, predominantly hyperactive/impulsive, and combined 
type (APA, 2013; Refer to Appendix A for the DSM-5 criteria). A child who presents with six 
or more of the nine hyperactivity/impulsivity symptoms and less than six of the possible nine 
symptoms of inattention would receive a diagnosis of ADHD predominantly 
hyperactive/impulsive. In contrast, a diagnosis of ADHD predominantly inattentive subtype is 
given when six or more symptoms of the nine inattention symptoms and less than six of the 
possible nine symptoms of hyperactivity/impulsivity are present (APA, 2013). The combined 
subtype requires six or more symptoms from each of the hyperactivity and inattention 
domains. Beyond these core symptoms of ADHD, the diagnostic criteria delineate that 
symptoms must be present before age 12, have persisted for at least six months, occur across 
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at least two settings (e.g., home and school), and lead to functional impairment in multiple 
contexts (e.g., academic, social or occupational; APA, 2013).  
It is posited that within community samples, the predominantly inattentive subtype of 
ADHD is the most prevalent, with some estimates suggesting that it is twice as prevalent as 
both the combined type and the predominantly hyperactive subtype, the latter of which tends 
to be the least prevalent (Baumgaertel, Wolraich, & Dietrich, 1995; Gaub & Carlson, 1997a; 
Reich, Neuman, Volk, Joyner, & Todd, 2005; Wolraich, Hannah, Pinnock, Baumgaertel, & 
Brown, 1996). In contrast, clinical samples reveal that the combined subtype is more 
prevalent than the inattentive subtype, followed by the hyperactive subtype (Eiraldi, Power, & 
Nezu, 1997; Faraone, Biederman, Weber, & Russell, 1998; Lahey et al., 1994), indicating that 
clinical referrals are more likely to be made for those with the combined subtype of ADHD. 
Impairment in ADHD 
Children with ADHD frequently have difficulties in functioning beyond the central 
symptoms of inattention, hyperactivity, and impulsivity (Bauermeister, Shrout, Ramirez, et 
al., 2007; Biederman, 2005; Clark, Prior, & Kinsella, 2002; Harpin, 2005). For example, 
relative to typically developing children, those with ADHD are more likely to have lower 
academic achievement (Daley & Birchwood, 2010), poorer social and communication skills 
(Bagwell, Molina, Pelham, & Hoza, 2001; Wehmeier, Schacht, & Barkley, 2010), emotion 
regulation difficulties (Braaten & Rosen, 2000), and strained parent-child relationships 
(Johnston & Mash, 2001). In fact, such impairment is an essential consideration for the 
diagnosis of ADHD, as delineated in the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5; APA, 2013), “there is clear evidence that the symptoms 
interfere with, or reduce the quality of, social, academic, or occupational functioning” (p. 60). 
However, several definitions of impairment exist in the literature (Gathje, Lewandowski, & 
Gordon, 2008) and there are no gold standard definitions to help guide clinicians in 
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determining whether a child displays impaired functioning. This makes the clinical 
assessment of impairment highly subjective and often difficult (Gathje et al., 2008; Healey, 
Miller, Castelli, Marks, & Halperin, 2008).  
In addition, children vary significantly in the extent to which they demonstrate 
clinically significant impairment (Gaub & Carlson, 1997b; Healey, Flory, Miller, & Halperin, 
2011; Kofler et al., 2017) and many children who meet symptom criteria for ADHD do not 
exhibit the impairment necessary for diagnosis (Faraone, Sergeant, Gillberg, & Biederman, 
2003; Gathje et al., 2008; Wolraich, Hannah, Baumgaertel, & Feurer, 1998). For instance, 
Healey et al. (2008) investigated the influence of impairment criteria on the proportion of 
children aged 36 to 60-months-old diagnosed with ADHD. Depending on the cut-off level 
used (75th to 90th percentile) the number of children who met both the symptom and 
impairment criteria identified in the DSM-5 ranged from only 23% - 54%. Similarly, Gordon 
et al. (2006) found in four separate samples of children with ADHD that symptom severity 
did not account for more than 25% of the variance in impairment. Rather, in children who met 
the symptom criterion for ADHD, only 33% also experienced functional impairment. 
Similarly, in a review of 50 epidemiological studies, Faraone et al. (2003) demonstrated that 
when diagnoses were based on both symptoms and impairment, rather than symptoms only, 
the prevalence of ADHD diagnoses significantly reduced. More recently, Coghill, Seth, and 
Matthews (2014) compared six areas of neuropsychological functioning (memory, inhibitory 
control, decision-making, delay aversion, response variability, and timing) in 83, six to 
twelve-year-old boys diagnosed with ADHD and 66 typically developing age-matched peers. 
It was found that while boys with ADHD performed less well across all six factors compared 
to the boys in the typically developing group, 25% of boys with ADHD showed no deficit on 
any of the six domains and only 18 to 36% showed impairment in any one domain. No child 
was impaired across all domains.  
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In accordance with the incongruity between ADHD symptoms and functional 
impairment, numerous studies have demonstrated that although improvements in attention 
and reductions in activity levels have been observed following the use of medications, 
functional impairment is minimally ameliorated (Healey et al., 2011). For example, many 
children prescribed medication to treat their ADHD symptoms continue to do poorly in school 
(Pelham, Schnedler, Bologna, & Contreras, 1980), display academic difficulties (Rapport, 
Denney, DuPaul, & Gardner, 1994) and cognitive impairments (Gualtieri & Johnson, 2008), 
and have poorer social skills (Frankel, Myatt, Cantwell, & Feinberg, 1997; Whalen, Henker, 
Collins, McAuliffe, & Vaux, 1979).  
Adaptive Functioning. Adaptive functioning is just one of several aspects of the 
functional impairment described in the diagnostic criteria for ADHD and refers to the ability 
to consistently use cognitive skills, motor skills, and emotion regulation to respond and cope 
successfully with day to day activities (Bornstein, Giusti, Leach, & Venuti, 2005; Milne, 
McDonald, & Comino, 2013). Adaptation is essential for successful development and 
includes, but is not limited to, the ability to use language to communicate needs, learn 
academic skills, relate to others, care for one’s self and safety, and to participate appropriately 
in social settings, the community, and extra-curricular activities (Bornstein et al., 2005; Milne 
et al., 2013). Adaptive behaviour is related to both social and cultural norms and expectations 
of appropriate behaviour alter as the individual ages (Stein, Szumowski, Blondis, & Roizen, 
1995; Wang, Huang, & Lo, 2011). A child who was not able to complete tasks to a 
developmentally appropriate level in one or more adaptive skills would be described as 
having impaired functioning. 
A considerable body of evidence in the past two decades has revealed a high incidence 
of adaptive functioning impairment among those with ADHD diagnoses (Roizen, Blondis, 
Irwin, & Stein, 1994; Stein et al., 1995; Wang et al., 2011; Wehmeier et al., 2010). For 
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instance, Strine et al. (2006) estimated that children diagnosed with ADHD were 
approximately nine times more likely than children without ADHD to display impairment in 
home life skills, peer relationships, academic learning, and recreational activities. In support, 
Wang et al. (2011) investigated the adaptive functioning in 25 children aged four to eight 
years with ADHD and found that 40% of children had adaptive problems in one or more 
adaptive domains.  
Communication. An important adaptive functioning domain that needs to be 
considered in children with ADHD is communication. Between 60 to 90% of children with 
ADHD are reported to experience persistent difficulty in the area of communication which 
constitutes a significant risk factor for the later development of social and academic 
difficulties (Bruce, Thernlund, & Nettelbladt, 2006; Helland, Posserud, Helland, Heimann, & 
Lundervold, 2016; St Pourcain et al., 2011). For instance, children with ADHD have been 
found to talk excessively (Tannock, Purvis, & Schachar, 1993), organise and communicate 
information less effectively (Barkley, 2003; Purvis & Tannock, 1997), and to be less 
responsive to questions or statements (Cunningham & Siegel, 1987). Whalen et al. (1979) 
demonstrated that while engaging in a ‘Space Flight” role-play game, children 8 to 12 years 
old with ADHD hyperactive subtype had difficulty altering their communications as the task 
requirements shifted from message sender to receiver. When playing the message receiver, 
they were verbally intrusive and made significantly more disagreeing statements than 
typically developing boys. Similar difficulties in modulating social communication to 
different roles in a “TV Talk Show” were observed by Landau and Milich (1988). Instead, of 
those with ADHD altering communication style for each role, the typically developing 
children altered their behaviour to maintain a cohesive interaction. 
A limited number of studies have investigated the association between communication 
ability and hyperactive and inattentive ADHD symptoms separately. One such study by 
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Bignell and Cain (2007) found in their sample of children aged 7-11 years old, that those with 
poor attention and poor attention/high hyperactivity were impaired in both communication 
and comprehension of figurative language, while those with good attention and high 
hyperactive symptoms displayed impairments in the measure of comprehension only. The 
authors suggested that the communication difficulties observed in those with ADHD were 
primarily a result of inattentive symptoms rather than hyperactive symptoms. In contrast, 
Leonard, Milich, and Lorch (2011) found no statistically significant differences in the 
association between impaired communication and inattentive and hyperactive symptoms (r = 
0.46 vs r = 0.45, respectively). However, they found that the impact of hyperactive symptoms 
on social skills problems was fully mediated by communication, whereas the association 
between inattentive ADHD symptoms and social skill problems was only partially mediated 
by communication ability.  
Social Functioning and Peer Problems. Symptoms of ADHD are argued to 
contribute to the development of poor peer functioning (Barkley, Fischer, Edelbrock, & 
Smallish, 1991; DeWolfe, Byrne, & Bawden, 2000; Gershon, 2002; Huang-Pollock, Mikami, 
Pfiffner, & McBurnett, 2009; McQuade & Hoza, 2008; Ros & Graziano, 2018), such that 
social problems tend to be observed not only in children diagnosed with ADHD (Hoza, 2007), 
but also in those children who display subthreshold inattentive and hyperactive symptoms 
(Andrade & Tannock, 2014). Indeed, the current DSM-5 recognises social difficulties as an 
integral aspect of ADHD through the inclusion of a number of symptoms pertaining to 
impaired social behaviour (e.g., difficulties with attention during play activities, talking 
excessively, failing to listen to others, waiting his/her turn, and frequent interrupting/intruding 
on others; APA, 2013). The empirical literature has demonstrated that children with ADHD 
are more likely to be outcast and bullied by classmates (Bagwell et al., 2001), more likely to 
interact with others in a self-centred, intrusive, and commanding manner (Wehmeier et al., 
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2010), are less likely to have close friendships (Nijmeijer et al., 2008) and the friendships that 
are established tend to be of lesser quality (Normand et al., 2013). Moreover, teachers have 
been found to rate children with ADHD as having poorer social skills in the classroom (Du 
Paul et al., 2001), and their peers were shown to give more “least liked” nominations 
compared to control children (Carlson, Lahey, Frame, Walker, & Hynd, 1987). This 
disapproval has been shown to occur rapidly (Erhardt & Hinshaw, 1994) and is posited to be 
related to the child’s difficulty in participating appropriately in social interactions such at 
turn-taking, sharing, reciprocity in conversation, and cooperating (Barkley et al., 2006; 
Landau, Milich, & Diener, 1998). For example, de Boo and Prins (2007) found that within 30 
minutes of interacting, children with ADHD were criticised and rejected by their peers. It is 
argued that the poor social behaviour observed in some children with ADHD may occur due 
to a cascading effect as children with inattentive and hyperactive behaviour who are excluded 
by their peers are exposed to less appropriate social interactions, impacting their ability to 
observe, develop and therefore, display, prosocial behaviour (Tseng, Kawabata, Gau, & 
Crick, 2014).  
Different patterns of social behaviour and rejection have been observed in the ADHD 
subtypes (Solanto, Pope-Boyd, Tryon, & Stepak, 2009). For example, Hodgens, Cole, and 
Boldizar (2000) investigated the peer interactions and acceptance of boys aged 8 to 11 years 
old who were typically developing or had been diagnosed with either ADHD inattentive 
subtype or ADHD combined subtype. They found that compared to typically developing 
boys, boys with either subtype of ADHD were scored lower on ratings of social preference 
(“liked most” peer nominations minus “liked least” peer nominations). However, boys with 
the ADHD inattentive subtype were more likely to be nominated as shy than both typically 
developing boys and those with the combined subtype, and were also given more nominations 
describing them as being teased and often left out by peers compared to the typically 
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developing boys. Whereas, those diagnosed with the ADHD combined subtype were given 
more “starts fights” nominations than did the other two groups. Moreover, observations of 
play behaviour revealed that boys with the ADHD inattentive subtype tended to display 
higher levels of solitary, on-looking behaviour and lower levels of sustained interactions 
compared to the typically developing boys and boys with the ADHD combined subtype. In 
contrast, no significant behavioural differences were observed between typically developing 
boys or boys diagnosed with the ADHD combined subtype. Similarly, Edelbrock, Costello, 
and Kessler (1984) found that boys diagnosed with predominantly hyperactive ADHD were 
rated as more unpopular than predominantly inattentive boys, while boys diagnosed with the 
inattentive subtype were rated as more socially withdrawn. Further, Huang-Pollock et al. 
(2009) found that the effect of ADHD symptoms on social functioning, such as the ability to 
notice discrete verbal nuances and recall a conversation, was primarily due to inattentive 
rather than hyperactive symptoms.  
Daily Living Skills. Daily living skills refer to the ability to accomplish simple, 
everyday tasks acceptably and safely (Reynolds & Kamphaus, 2015). Children with ADHD 
often change from one uncompleted task to another, have difficulty following through on 
instructions, and often lose things necessary for tasks at home or school (APA, 2013). 
Although there is limited research solely examining the daily living skills in children with 
ADHD, one study found that approximately 50% of children diagnosed with ADHD exhibited 
impairment in daily living skills compared to approximately 6% of typically developing 
children (Anastopoulos et al., 2011). Sukhodolsky et al. (2005) examined the adaptive, 
emotional, and family functioning in 287 children and adolescents aged 7 to 18 years. The 
authors found that children with ADHD had significantly poorer daily living skills (mean = 
82.2) than comparison children (M = 99.3), and children with OCD (M = 86.2). Moreover, 
Stein et al. (1995) found that although children with both inattentive and hyperactive subtypes 
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of ADHD (138 males and 25 females) were assessed as being in the average range of 
intellectual functioning, they exhibited impairments in daily living skills, communication, and 
socialisation that were similar or more evident than observed in children with a pervasive 
developmental disorder or mild intellectual disability. No statistically significant differences 
were found between the ADHD subtypes in activities of daily living. Failure to treat these 
impairments early may result in greater impairment as children develop and are required to 
take on more responsibilities (Klein et al., 2012). 
Academia/Study Skills. Another significant adaptive outcome variable that deserves 
consideration in children with ADHD is academic achievement. It is suggested that up to 30% 
of children with ADHD achieve academically below expectations, given their intellectual 
functioning (Barry, Lyman, & Klinger, 2002; Frick et al., 1991; Loe & Feldman, 2007). For 
instance, Barry et al. (2002) investigated the mathematics, reading, and writing skills of 33 
children aged 8 to 14 years and 33 typically developing children. They found that children 
diagnosed with ADHD not only achieved significantly lower scores in all academic areas 
compared to control children, but greater discrepancies between actual and predicted 
academic achievement were observed for those with ADHD compared to the typically 
developing group. In a meta-analysis of 72 studies, Frazier, Youngstrom, Glutting, and 
Watkins (2007) found significant differences in the academic achievement of those with and 
without diagnoses of ADHD (d = .71). Moreover, children with ADHD have been shown to 
have a higher incidence of grade failure (Bauermeister, Shrout, Chavez, et al., 2007), 
increased use of remedial education services (Biederman et al., 1996), greater occurrences of 
learning disabilities (Mayes, Calhoun, & Crowell, 2000), and more suspensions from school 
following behavioural problems (LeFever, Villers, Morrow, & Vaughn III, 2002), affecting 
their availability to learn. Academic underachievement in many children with ADHD is 
argued to begin early in life as those with ADHD have been found to begin school without 
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many fundamental skills required to be ready to learn (Daley & Birchwood, 2010). In 
addition, similar academic difficulties have been observed in children with subclinical ADHD 
symptoms (Loe & Feldman, 2007; Merrell & Tymms, 2001). 
Differences in impairment between the ADHD subtypes have also been observed for 
academic abilities. Rodriguez et al. (2007) found that while both inattention and hyperactive 
symptoms were significantly associated with impairment in reading, writing, and 
mathematics, greater associations were observed for attention symptoms which were related 
to a two to tenfold increase in academic impairments across all domains. Willcutt and 
Pennington (2000) observed similar results in their sample of 494 twins with a reading 
disability. The association between reading disability and ADHD was stronger for symptoms 
of inattention than symptoms of hyperactivity. However, it must be noted that several studies 
have found no differences between groups on tests of academic achievement (Barkley, 
DuPaul, & McMurray, 1990; Faraone et al., 1998; Frick et al., 1991).  
In summary, it is clear that ADHD symptom severity and impaired functioning are not 
completely correlated (Coghill et al., 2014; Gathje et al., 2008; Healey et al., 2008). The 
current literature describes similar patterns of impairment across all adaptive functioning 
domains in those with ADHD, and the evidence suggests that this association is oftentimes 
greatest for symptoms of inattention (Goodyear & Hynd, 1992; Willcutt, Pennington, Olson, 
Chhabildas, & Hulslander, 2005). As such, increased understanding of factors that contribute 
to impaired adaptive functioning and how this differs as a function of symptoms is paramount 
to aid in the treatment of adaptive functioning deficits experienced by children with ADHD.  
Neuropsychological Functioning in ADHD 
While a plethora of studies have unmasked a number of factors associated with 
heterogeneity in the core diagnostic symptoms of ADHD (Gaub & Carlson, 1997b; 
Halperin, Trampush, Miller, Marks, & Newcorn, 2008; Valo & Tannock, 2010), there is less 
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evidence surrounding the mechanisms associated with the observed heterogeneity in 
adaptive functioning deficits in children diagnosed with ADHD (Kofler et al., 2017). Given 
the extensive literature that offers various neuropsychological domains of deficit in ADHD 
(Biederman et al., 2004; Castellanos & Tannock, 2002; Nigg, 2001; Seidman, 2006), and 
the fact that neurocognitive dysfunction is central to numerous theoretical models of ADHD 
(Barkley, 1997; Sergeant, 2000; Sonuga-Barke, Bitsakou, & Thompson, 2010), it could be 
hypothesised that neurocognitive functioning plays a vital role in the association between 
the ADHD symptom severity and the frequently observed adaptive functioning 
impairments. As such, this study will focus on two specific neurocognitive domains, 
working memory and processing speed, that have both been found by a growing body of 
evidence to be associated with ADHD symptoms and deficits in adaptive functioning 
(Castellanos & Tannock, 2002; Katz, Brown, Roth, & Beers, 2011; Nigg, Willcutt, Doyle, 
& Sonuga-Barke, 2005; Nikolas & Nigg, 2013; Perna, Loughan, & Talka, 2012; Tripp & 
Wickens, 2009).  
Working Memory. Firstly, working memory is the cognitive ability to temporarily 
store (for a few seconds) and manipulate incoming, task-relevant information in mind such 
that it can be used to guide behaviour (Aronen, Vuontela, Steenari, Salmi, & Carlson, 2005; 
Baddeley, 1992; Goldman-Rakic, 1995). Working memory plays a fundamental role in many 
cognitive tasks ranging from remembering instructions or dialling a telephone number to 
planning, learning, reasoning, and language comprehension (Adalio, Owens, McBurnett, 
Hinshaw, & Pfiffner, 2018; Baddeley, 1992; Goldman-Rakic, 1995). Working memory is 
widely regarded as an aspect of Executive Functioning (Beck, Hanson, Puffenberger, 
Benninger, & Benninger, 2010; Pennington, Bennetto, McAleer, & Roberts, 1996), a broad 
construct that encompasses numerous aspects of neurocognitive functioning that allow 
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problem-solving to obtain a future goal (e.g., inhibition, planning, and flexibility of thinking; 
Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005).  
Despite the number of theoretical perspectives of working memory, the most 
influential remains that proposed by (Baddeley, 1992, 2003, 2012). This model posits that 
working memory is a multi-faceted system made up of a central executive and two 
independent subsystems. The central executive is said to coordinate and control the two 
storage systems, while the phonological system stores spoken and written information and the 
visuospatial system maintains and processes visual and spatial information (Baddeley, 1992). 
Working Memory in ADHD. In the past two decades the empirical literature has 
consistently demonstrated that children diagnosed with ADHD oftentimes display poorer 
working memory abilities than their typically developing peers (Engelhardt, Nigg, Carr, & 
Ferreira, 2008; Friedman, Rapport, Raiker, Orban, & Eckrich, 2017; Karatekin & Asarnow, 
1998; Kofler et al., 2018; Sonuga-Barke, Dalen, Daley, & Remington, 2002; Westerberg, 
Hirvikoski, Forssberg, & Klingberg, 2004). For instance, a recent meta-analysis found that 
depending on the aspect of working memory assessed (e.g., central executive, phonological 
and visuospatial systems), as many as 80% of children diagnosed with ADHD display deficits 
in working memory (Kasper, Alderson, & Hudec, 2012). In their sample of 23 boys diagnosed 
with the ADHD combined subtype, Rapport et al. (2008) found impairments among all the 
three working memory components put forth by (Baddeley, 1992, 2003, 2012). Furthermore, 
Martinussen, Hayden, Hogg-Johnson, and Tannock (2005) conducted a meta-analysis of 
working memory deficits in children and adolescents with ADHD by categorizing working 
memory into two modalities; verbal or spatial, and storage or storage/manipulation (giving 
four groups). Twenty-six studies were included and it was found that in comparison to 
children without ADHD, both modalities of working memory were impaired in those with 
ADHD. An additional meta-analysis of 17 studies by Willcutt, Doyle, et al. (2005) examined 
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differences in verbal and spatial working memory among children with and without ADHD. 
The authors revealed that 77% of the studies that included spatial working memory and 55% 
of the studies that included verbal working memory found statistically significant differences 
between children with ADHD and children without (effect sizes = 0.75 and 0.59, 
respectively). In addition, one of the few longitudinal studies investigating the association 
between ADHD symptoms and its neurocognitive correlates, found in their sample of 226 
children aged 5 to 19 years diagnosed with the ADHD combined subtype, that better working 
memory ability predicted lower ADHD symptom severity 6 years later (van Lieshout et al., 
2017).  
Inconsistent differences between working memory deficits and the ADHD subtypes 
have also been observed in the literature (Mayes, Calhoun, Chase, Mink, & Stagg, 2009; 
Schweitzer, Hanford, & Medoff, 2006). For example, Schmitz et al. (2002) examined the 
neuropsychological profile in 30 adolescents with ADHD and 60 typically developing 
adolescents. Those with the inattentive and combined subtypes performed more poorly than 
controls on the Digit Span task (Wechsler, 2003, 2014b), a measure of working memory. 
Whereas, those diagnosed with the hyperactive subtype did not perform significantly 
differently on the Digit Span task to control children, and they performed better than those 
with the combined subtype. However, in contrast, Schweitzer et al. (2006) found that 
although adults with ADHD displayed lower working memory abilities than those without 
ADHD, no overall differences between the ADHD subtypes emerged. Therefore, possible 
differences in working memory performance among ADHD subtypes remains unclear. 
The Relationship between Working Memory, ADHD and Adaptive Functioning 
deficits. Working memory impairments have been shown to be related to a range of adaptive 
consequences including lower academic achievement (Aronen et al., 2005; Gathercole, 
Alloway, Willis, & Adams, 2006; Gathercole & Pickering, 2000), increased reading and 
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learning disabilities (Alloway, 2009; de Jong, 1998), and poorer social interactions (Alloway 
et al., 2005). For example, Aronen et al. (2005) explored the association between audio and 
visuospatial working memory ability and academic performance in 55 children aged 6 to 13 
years. They found that working memory ability was positively correlated with academic 
achievement, and those children with lower working memory abilities, particularly audio-
spatial memory, were reported as having more academic and attentional/behavioural 
difficulties at school.  
In recent years, a growing body of research has investigated the relationship between 
working memory abilities and impairment in children with ADHD (Fried et al., 2016; 
Friedman et al., 2017; Kofler et al., 2011; Kofler et al., 2017; Tseng & Gau, 2013). For 
example, Kofler et al. (2011) explored the impact of working memory impairment on social 
interactions in 39 boys aged 8 to 12 years, either diagnosed with ADHD and or who were 
typically developing. The authors found that the association between working memory 
impairment and social difficulties was mediated by ADHD symptoms and concluded that 
poor working memory contributes to symptoms of inattentive and hyperactive, and in doing 
so influences social interactions (Kofler et al., 2011). In a later study, Kofler et al. (2017) 
investigated the association between ADHD and impairments in peer, family, and academic 
functioning in 44 children diagnosed with all three subtypes of ADHD. Children with ADHD 
who demonstrated impairment (norm-referenced scores were below the normative sample as 
indicated by the Reliable Change Index) in academic achievement and family functioning 
demonstrated poorer performance on tests of working memory. Also, working memory ability 
predicted individual variances in all three domains of functioning (peer, family, and academic 
functioning). Further, Fried et al. (2016) examined whether poorer academic success was 
primarily attributable to poorer working memory or whether educational achievement was a 
result of the symptoms of ADHD itself. The participants included children aged 6 to 18 years 
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diagnosed with (n=276) and without ADHD (n =241). Pairwise analyses revealed that 
significantly more children diagnosed with ADHD displayed impairment in working memory 
compared to children without ADHD (31.9% vs. 13.7%). Moreover, those children with 
ADHD who displayed poorer working memory abilities were more likely to have achieved 
lower scores on reading and math achievement tests, been required to repeat grades in school, 
and to have been placed in special education classes, compared to those with ADHD who did 
not display working memory deficits. In addition, despite results which suggested that 
working memory impairment also adversely impacted educational success and cognitive 
correlates in children without ADHD, these differences were not statistically significant 
(Fried et al., 2016).  
A small number of studies have investigated the mediating effect of working memory 
on the association between ADHD symptoms and impairment. For instance, Tseng and Gau 
(2013) found that spatial working memory mediated the association between ADHD and 
social problems in children aged 11-17 years with (n=279) and without ADHD (n=173). In 
addition, Friedman et al. (2017) investigated the contribution of the central executive, 
phonological, and visual aspects of working memory on reading comprehension in 31 boys 
diagnosed with the ADHD-combined subtype and 30 typically developing boys aged 8 to 
12 years. The authors found that the central executive aspect of working memory partially 
mediated ADHD-related reading comprehension differences, whereas the phonological and 
visual short-term memory systems did not. 
In summary, it is clear that working memory impairments are associated with both 
ADHD symptoms and adaptive functioning deficits. Further investigation of the association 
between working memory, adaptive functioning and ADHD symptoms is essential.  
Processing Speed in ADHD. In addition to working memory, up to 45% of children 
with ADHD have been shown to demonstrate slowed processing speed compared to their 
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general intellectual functioning (Calhoun & Mayes, 2005; Frazier, Demaree, & Youngstrom, 
2004; Saklofske, Schwean, Yackulic, & Quinn, 1995; Snow & Sapp, 2000) and in comparison 
to typically developing peers (Chhabildas, Pennington, & Willcutt, 2001; Kibby, Vadnais, & 
Jagger-Rickels, 2019; Naglieri, Goldstein, Iseman, & Schwebach, 2003; Shanahan et al., 
2006). Processing speed is typically defined as the cognitive ability to process information 
and generate an accurate response within constrained time limits (Jacobson et al., 2011; 
Weiler, Bernstein, Bellinger, & Waber, 2000). While processing speed is not an aspect of 
executive functioning itself, processing speed is one of the basic processes of cognitive 
function that drive higher-order cognitive processes, including that of executive functions. 
Specifically, the rate at which the brain senses, processes, and responds to information 
(processing speed) is intrinsically related to the ability to temporarily hold that information in 
mind and carry out tasks (working memory; Nebes et al., 2000).  
In a sample of 118 children with either the combined or predominantly inattentive 
subtypes of ADHD, Mayes and Calhoun (2006) found that scores on the WISC-III (Wechsler, 
1991) were lowest on the processing speed or working memory domains. In a further study by 
the same authors (Mayes & Calhoun, 2007), a comparison of 724 children with ADHD (aged 
6 – 16 years) combined and inattentive subtypes to 149 typically developing peers revealed 
that children in the latter group achieved significantly higher scores on a test of processing 
speed (Symbol Search; Wechsler, 1991, 2003). Also, a greater percentage of children with 
ADHD displayed impaired processing speed, classified as 15 or more points below their 
general intellectual functioning score on the Symbol Search task, compared to typically 
developing children (26% vs 11% respectively; Mayes and Calhoun, 2007). More recently, 
Goth-Owens, Martinez-Torteya, Martel, and Nigg (2010) reported that relative to typically 
developing children, those diagnosed with ADHD inattentive subtype scored lower across a 
number of tasks that measured three components of processing speed; motor output speed, 
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set-shifting speed, and verbal output speed (see original article for a comprehensive 
description of these measures). Furthermore, in a meta-analysis by Boonstra, Oosterlaan, 
Sergeant, and Buitelaar (2005) medium effects of ADHD on measures of processing speed 
were found (Cohen’s d = 0.6). 
Thaler, Bello, and Etcoff (2013) aimed to investigate whether ADHD diagnoses, 
symptoms, and impairments were associated with different cluster profiles, by conducting a 
hierarchical cluster analysis of the WISC-IV cognitive profiles in 189 children aged 6 to 16 
years with either ADHD inattentive (n=106) or ADHD combined (n=83) subtype. Those 
participants that also had learning, intellectual, or developmental disorders were excluded 
from the study. The authors found that the WISC-IV (Wechsler, 2003) profiles in children 
with ADHD fit a five-cluster solution. One cluster, named Reduced PSI, included a sub-group 
of 79 children (42% of the total participant pool) who performed as expected given their age 
on all WISC-IV indices except that of processing speed, which was lower than expected. 
Moreover, a significantly greater number of parent-rated inattentive symptoms and ADHD 
inattentive subtype diagnoses were found within this cluster, suggesting that children with 
slower processing speed displayed greater inattentive symptoms. 
Further studies have suggested that those diagnosed with the predominately inattentive 
subtype of ADHD are particularly vulnerable to processing speed deficits compared to those 
with the hyperactive/impulsive subtype (Chhabildas et al., 2001; Goth-Owens et al., 2010; 
Hellwig-Brida, Daseking, Petermann, & Goldbeck, 2010; Mayes et al., 2009; Stavro, 
Ettenhofer, & Nigg, 2007). For instance, in a sample of 195 young adults with ADHD and 90 
typically developing adults, Nigg, Stavro, et al. (2005) found positive correlations between 
hyperactive symptoms and processing speed indicating that increased severity of hyperactive 
symptoms was related to greater processing speed abilities, whereas negative correlations 
were found between inattentive symptoms and processing speed, indicating that increased 
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difficulty sustaining attention was associated with slower processing speed abilities. 
Extending these findings to children, Chhabildas et al. (2001) compared the processing speed, 
vigilance, and inhibition abilities of 82 children without ADHD and 114 children who met 
diagnostic criteria for a DSM-IV ADHD diagnosis (67 participants met criteria for the 
inattentive subtype, 14 met criteria for the predominantly hyperactive/impulsive subtype, and 
33 met criteria for the combined subtype). They found that inattentive symptoms predicted 
performance on all three neurocognitive variables (processing speed, vigilance, and 
inhibition), and children diagnosed with the inattentive and combined subtypes displayed 
similar neurocognitive profiles of impairment. In contrast, children with the 
hyperactive/impulsive subtype did not display significant impairments on any of these 
measures after analyses controlled for subthreshold symptoms of inattention. Similarly, 
Willcutt, Chhabildas, and Pennington (2001) demonstrated that children diagnosed with the 
inattentive and combined ADHD subtypes were significantly more impaired on the 
neurocognitive domains of behavioural inhibition, vigilance, working memory, and 
processing speed compared to the control group, whereas the hyperactive subtype was only 
associated with a significant deficit in behavioural inhibition. In addition, a marginally 
significant finding (p = .053) indicated the those with the inattentive subtype displayed greater 
deficits in processing speed. More recently, Kubo et al. (2018) examined whether statistically 
significant differences could be observed in the WISC-IV (Wechsler, 2003) cognitive profiles 
of 15 children diagnosed with ADHD combined type and 12 children with the inattentive 
subtype. Significant differences were revealed between the two groups on the PSI only 
(scores of 99 versus 89, respectively). The authors concluded that the inattentive behaviours 
of the children with ADHD inattentive subtype are partly due to impaired processing speed.  
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In summary, a large evidence base has demonstrated an association between 
symptoms of ADHD and slowed processing speed, with some evidence suggesting that this 
association is driven by symptoms of inattention as opposed to symptoms of hyperactivity. 
The Relationship between Processing Speed, ADHD, and Adaptive Functioning. 
While processing speed has been shown to be related to adaptive functioning outcomes in a 
number of neuropsychological disorders including Traumatic Brain Injury (Rassovsky et al., 
2006; Treble-Barna et al., 2017) and Autism Spectrum Disorder (Hedvall et al., 2013), there 
is a paucity of research examining whether processing speed vulnerabilities impact the 
functioning of those with ADHD specifically. Intending to explore this gap in the literature, 
the previously described study by Thaler et al. (2013) also assessed statistical differences in 
adaptive functioning in their sample of 189 children diagnosed with ADHD–inattentive and 
ADHD–combined subtypes. In addition to the Reduced PSI cluster previously described, a 
second cluster was found in which children displayed deficits in both processing speed and 
working memory, and this cluster was found to be associated with impairment in behavioural 
functioning. Moreover, the cluster analysis identified a group of children with ADHD who 
performed similarly in the cognitive test compared to the Reduced PSI group, except in 
processing speed scores in which they were placed in the average range. As such, the 
cognitive profiles of the two groups were similar with the exception of processing speed, 
allowing a direct evaluation of the association between processing speed deficits and adaptive 
skills. Using parent report of adaptive skills (BASC-2; Reynolds & Kamphaus, 2004), 
analyses comparing the ADHD children with processing speed in the average range to 
children in the Reduced PSI cluster revealed lower adaptive skills in the latter group, albeit 
with small effect sizes (d=.18 - .26).  
Thorsen, Meza, Hinshaw, and Lundervold (2018) explored the association between 
dimensional inattentive and hyperactive-impulsive symptoms in children aged 7 to 9 years 
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and subsequent peer difficulties 4 years’ later at ages 11 to 13 years. In addition, they 
examined whether this association was mediated by performance on the WISC-III at ages 8 to 
10 years. One hundred and seventy children were included, 32 of which were diagnosed with 
ADHD. A significant association was found between inattention and future peer problems and 
slow processing speed was found to partially mediate this association. Moreover, significant 
results remained after controlling for ADHD diagnoses, suggesting that this association is not 
limited to children who meet diagnostic criteria. Furthermore, despite significant correlations 
between inattention and all WISC-III indices (Wechsler, 1991), only processing speed was 
found to significantly predict and mediate peer problems 4 years later. 
In addition, Cook, Braaten, and Surman (2018) undertook a systematic review and 
meta-analysis to explore the relationship between processing speed and impairments in 
children and adolescents with ADHD. Of the 409 abstracts screened, only 8 of the studies met 
inclusion criteria. Six of these studies focused on reading impairment and thus, adaptive 
functioning domains beyond reading skills could not be analysed meta-analytically. The 
authors found a medium overall effect size for the association between processing speed and 
reading skills (r = 0.33).  
Therefore, a small number of studies have found that processing speed significantly 
influences the association between inattentive symptoms and aspects of adaptive functioning, 
suggesting that further investigation of this association is warranted.  
The Current Study 
Taken together, previous research has demonstrated the heterogeneous nature of 
ADHD, indicating that clinical manifestations of ADHD vary significantly in regard to 
ADHD symptomology, functional impairment, and neuropsychological impairment (Kofler et 
al., 2017; Thorsen et al., 2018) experienced by individuals with the disorder. While some 
children experience minimal dysfunction, others will experience multiple impairments, 
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including (but not limited to) their communication, learning ability, peer relationships, and 
daily living skills (Stein et al., 1995; Sukhodolsky et al., 2005). ADHD symptom severity has 
been found to account for only 25% of the variance in child impairments (Gordon et al., 2006) 
and while medication is frequently successful in reducing symptoms of ADHD it oftentimes 
does not reduce functional impairment (Gualtieri & Johnson, 2008; Pelham et al., 1980). 
Therefore, it is important to investigate factors, above and beyond ADHD symptoms, that 
may be associated with the heterogeneity observed in adaptive functioning in this population.  
Both processing speed and working memory have been demonstrated to be impaired 
in those with ADHD (Katz et al., 2011; Kofler et al., 2017; Mayes & Calhoun, 2006). While 
investigations of a number of neurodevelopmental disorders point to the importance of 
processing speed and working memory in both ADHD and adaptive functioning separately 
(Martinussen et al., 2005; Mayes & Calhoun, 2007; Perna et al., 2012; Treble-Barna et al., 
2017), there is a paucity of population-based studies that investigate how these 
neuropsychological functions might contribute to the relationship between ADHD symptoms 
and impairment in adaptive functioning. To improve the clinical care of children with ADHD, 
a better understanding of the factors that influence the adaptive functioning impairments 
observed in some children diagnosed with ADHD is critical. Consequently, the present study 
will examine the association between symptoms of inattention and hyperactivity, adaptive 
functioning, and processing speed and working memory in children aged 6-12, and explore 
whether processing speed and working memory impact the relationship between ADHD 
symptoms and adaptive functioning. Based on the described literature, it is hypothesised that: 
(1) compared to typically developing children, a greater percentage of children with ADHD 
will exhibit impairment in adaptive functioning, working memory and processing speed; (2) 
higher inattentive, hyperactive, and combined ADHD symptoms will be associated with lower 
neurocognitive functioning (processing speed and working memory) and adaptive 
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functioning, and that this relationship will be strongest for symptoms of inattention; (3) 
working memory and processing speed will mediate the relationship between ADHD 
symptoms and adaptive functioning. 
Method 
Participants  
One hundred and forty-three participants were recruited for the present study as part of 
a larger study conducted within the Psychology Department of the University of Otago. 
Children and their families were recruited through three main sources: (1) advertisements on 
social media pages describing the study; (2) local primary and intermediate schools; (3) 
clinical referrals from the Southern District Health Board’s paediatric outpatient’s department 
and Child and Family Mental Health Service.  
In line with prior research (i.e., Mayes & Calhoun, 2006; Kofler et al., 2011), children 
were excluded from this study if their general cognitive ability assessed using the Wechsler 
Intelligence Scale for Children, Fifth Edition (WISC-V; Wechsler, 2014) fell below the low 
average range of 80, or if they met criteria for a pervasive developmental disorder, had a 
history of traumatic brain injury or neurological problems, or if English was their second 
language. Fourteen children were excluded who performed below the low average 
Intelligence Quotient (IQ) range (<80). A further 30 participants whose teachers had failed to 
return the relevant questionnaires were excluded due to incomplete data. Analyses of the 
available and relevant study measures revealed no statistically significant differences between 
those children whose teachers had returned the relevant questionnaires and those whose 
teachers had not (see Appendix B).  
The remaining participants who were included in the present study were 103 children 
(59 male and 44 female) aged between six years, zero months and twelve years, five months 
(M = 8.7 years; SD = 1.835) and an accompanying primary caregiver. In majority of the cases 
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this was the child’s biological mother (n=90), but, participating parent-child dyads also 
included nine biological fathers, two biological grandmothers, a foster parent, and a biological 
sister.  
Of the child participants, 68 were classified as “typically developing” and 35 met 
diagnostic criteria for ADHD. Among the children meeting criteria for ADHD (at least six 
symptoms of inattention and/or hyperactivity-impulsivity), 15 were diagnosed as 
predominantly inattentive, 12 were diagnosed as predominately hyperactive-impulsive, and 8 
were diagnosed as combined type. Diagnoses of ADHD were made by an experienced, 
registered clinical psychologist supervising the research and were established using data 
collected by postgraduate students. This data included parent reports on the Kiddie-Schedule 
for Affective Disorders and Schizophrenia-Present and Lifetime Version semi-structured 
interview (K-SADS-PL; Kaufman et al., 1997) combined with teacher ratings of symptoms 
and impairment and researcher observations during testing and school visits. Twelve of the 
participants diagnosed with ADHD were prescribed stimulant medications. However, 
participants were asked to refrain from taking their stimulant medication on the day of 
participation in the study. 
The children diagnosed with ADHD and typically developing children were combined 
into one group for analyses to increase variability. This is not only in keeping with prior 
research (Kofler et al., 2011; Thorsen et al., 2018), but is also based on evidence that the core 
ADHD symptoms reflect dimensional constructs (Alloway, Gathercole, & Pickering, 2006; 
Frazier, Youngstrom, & Naugle, 2007; Sonuga-Barke et al., 2002).  
 Relevant demographic information was obtained for mothers and fathers (or up to two 
primary caregivers) via self-report. Ninety-two of the children were from two-parent 
households or shared custody arrangements while nine of the children were from one-parent 
households. The parents of the participants in this sample were aged 25 – 71 years (M = 
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40.27; SD = 7.556) and were of primarily NZ European Descent (78.15%). In addition, 1.9% 
identified as Māori, 1.9% as Samoan, 2.5% as Chinese, and 13.1% fell in the “other ethnicity” 
category which comprised those ethnicities of Dutch, Latin American, English, European, 
Malaysian, Japanese, Irish, Ethiopian, Scottish, and Czech. The highest qualification for 
parents spanned the full range of educational levels from “some high school” to “postgraduate 
degree”, with the majority of parents reporting their highest qualification to be a postgraduate 
diploma/degree (24.3%). The average income for parents also spanned the full range from “no 
income” to NZ$100,000 – NZ$150,000, with the majority of parents reporting their average 
yearly income to be between NZ$50,000 – NZ$70,000 (23.35%).  
Measures 
Kiddie Schedule for Affective Disorders and Schizophrenia-Present and Lifetime 
version (K-SADS-PL; Kaufman et al., 1997). The K-SADS-Pl is a semi-structured clinical 
interview designed to assess current and past episodes of DSM-IV (American Psychiatric 
Association, 1994) mental health disorders in children and adolescents. A graduate research 
student conducted the interview with parents to establish ADHD diagnoses in children within 
this study. Parents were first asked general questions about their child’s school adaptations, 
family and peer relations, and hobbies and interests, followed by specific questions relating to 
a diagnosis of Attention Deficit Hyperactivity Disorder. These question items were rated by 
the interviewer on a four-point Likert scale according to the frequency, severity, and 
functional impairment related to each behaviour/symptom (0 = no information, 1 = not 
present, 2 = subthreshold, and 3 = present above threshold).  
An experienced, registered clinical psychologist supervising this research used the 
KSADs parent interview data, along with parent and teacher ratings on the ADHD-RS (a 
questionnaire of the 18 ADHD symptom criteria in which a child’s behaviour over the last 6 
months in the home or school setting is rated on a four-point Likert scale from 0 = never or 
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rarely to 3 = very often; DuPaul, Power, Anastopoulos, & Reid, 1998) and BASC 3 
(described below), documented observations of the child’s behaviour made while they 
participated in the study measures, and school observations that were obtained as part of the 
larger study, to derive an overall rating from each ADHD symptom and these overall ratings 
were used when determining the final diagnoses based on this measure.   
The authors of the K-SADS-PL demonstrated excellent inter-rater reliability for the 
assessment of current diagnoses (K = .93 – 1.00; Kaufman et al., 1997) and good concurrent 
validity as children who met diagnostic criteria for current ADHD on the K-SADS-PL, 
received higher scores than children without ADHD on an established measure of ADHD, 
The Conners Abbreviated Questionnaire, Parent Version (Conners & Barkley, 1985). More 
recently, both the K-SADS-KL Korean Version and KSADS-PL Spanish version 
demonstrated adequate to good inter-rater reliability, test-retest reliability, and construct 
validity (K = 0.755; Kim et al., 2004; Ulloa et al., 2006).  
Behaviour Assessment System for Children – Third Edition (BASC-3; Reynolds 
& Kamphaus, 2015). The BASC-3 is a multimethod, multidimensional rating system that 
assesses adaptive skills and clinically significant behaviour of children and young adults aged 
2 years through to 25 years. Two versions of this measure were collected, the Parent Rating 
Scale (PRS) and the Teacher Rating Scale (TRS). The TRS and PRS each have three levels: 
preschool (2 years – 5 years), child (6 years to 11 years), and adolescent (12 to 21 years), of 
which the former two were utilised in the current study. Depending on the level used, the TRS 
has 156 items or 165 items respectively, and the PRS has 175 and 173 items respectively. 
Each of the items is rated on a four-point Likert scale ranging from 1 (never) to 4 (almost 
always). On each version (TRS and PRS), these items form 16 individual scales and five 
broad domains. In the present study, only the subscales of the Adaptive Skills composite were 
used. These included Adaptability, Social Skills, Functional Communication, and Leadership 
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subscales which are included in both the PRS and TRS. The TRS has an additional subscale 
called Study Skills and the PTS has an additional subscale called Activities of Daily Living. 
The Adaptability subscale assesses the ability to adapt adequately when changes in the 
environment occur, the Social Skills subscale assesses the various skills required to 
successfully interact with others, the Functional Communication subscale refers to the ability 
to articulate ideas in a manner in which others can understand, the Leadership subscale 
assesses a number of skills related to achieving goals (e.g., working with others), the Study 
Skills subscale assess various behaviours essential for academic success, including the ability 
to analyse and solve problems, the motivation to achieve, and organisational skills, and the 
Activities of Daily Living subscale assess the ability to safely and accurately complete basic, 
self-care tasks while  (Reynolds & Kamphaus, 2015). General gender specific norms were 
utilised for analyses. 
Prior to the main analyses, Principal Components Factor Analyses were conducted to 
determine whether the PRS and TRS ratings for each shared adaptive functioning domain 
(i.e., adaptability, social skills, functional communication, and leadership) could be combined 
into a single factor. Results indicated that they all loaded onto one factor and therefore each of 
the factors were saved as variables which was named Adaptability, Social Skills, Functional 
Communication, and Leadership (see Appendix C). The PRS Daily Living Skills and TRS 
Study Skills subscales remained as separate variables as they were only available from the 
one-rater.  
According to the authors, the BASC-3 has well established reliability and validity for 
both internalising and externalising behaviours (Reynolds & Kamphaus, 2015). Both the TRS 
and PRS yielded adequate to excellent internal consistency with reliability coefficients of the 
adaptive functioning scales in children aged 6 to 14 years ranging from 0.78 to 0.98. On both 
versions, test retest stability coefficients ranged from 0.79 – 0.92, and interrater reliability 
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ranged from 0.48 and 0.71. In addition, convergent validity was demonstrated with high 
correlations between the BASC-2 (Reynolds & Kamphaus, 2004) and BASC-3 on both the 
TRS and PRS adaptive functioning scales (0.87-0.99). Concurrent validity studies with a 
variety of child behaviour rating scales (e.g., Child Behaviour Checklist; Achenbach & 
Edelbrock, 1983, Conners Third Edition; Conners, 2008) yielded moderate to high 
correlations between scales measuring similar constructs (Reynolds & Kamphaus, 2015).  
Wechsler Intelligence Scale for Children Fifth Edition (WISC-V; Wechsler, 
2014a). A trained graduate student administered and scored the WISC-V which is a norm-
referenced measure designed to assess the general cognitive ability of children aged 6 to 16 
years (Wechsler, 2014a). The WISC-V consists of 10 core subtests and six additional subtests 
that measure the following five domains of cognitive functioning: visual spatial, fluid 
reasoning, verbal comprehension, working memory, and processing speed (Wechsler, 2014a). 
The present study included the Processing Speed (PSI) and Working Memory Indexes 
(WMI). The PSI includes two primary, timed tasks, Symbol Search and Coding. Symbol 
Search requires the child to visually scan a group of symbols to determine if they match a 
target symbol by marking it. The Coding subtest requires children to examine a key with 
symbols and corresponding numbers and to correctly copy the symbol into empty, numbered 
boxes (Wechsler, 2014a). These processing speed tasks measure a variety of skills such as 
visual-motor speed, scanning ability, visual short-term memory, and attention and 
concentration and scores are obtained on the basis of accuracy and speed (Sattler and Dumont, 
2008). The WMI comprises two primary subtests, Digit Span and Picture Span. Digit span is a 
measure of auditory working memory and requires the child to repeat the numbers read aloud 
by the examiner forward in the same order, backward in reverse order, and in sequential order 
from lowest to highest. Picture Span is primarily a measure of visual working memory and 
requires the child to observe a series of pictures for a predefined period of time before 
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recalling them from a group of distractors in the sequence in which they were presented. 
Overall, the WISC-V working memory index measures attention and working memory 
(Barkley, 1997; Mayes & Calhoun, 2006) .  
The WISC-V has yielded good psychometric data, with the internal consistency 
reliability coefficients on the PSI ranging from 0.84 to 0.92, depending on age, and from 0.91 
to 0.93 on the WMI, depending on age (Wechsler, 2014b). Internal consistency values for 
individual subtests that contribute to the primary index’s utilised in this study, ranged from 
0.67 for Symbol Search (for ages 12 and 13 years) to 0.93 for Digit Span (for age 12; 
Wechsler, 2014b). Due to the recent publication of the WISC-V there is limited empirical data 
investigating its validity, beyond that reported in the technical manual. However, moderate to 
high convergent validity was reported between the WISC-V and previous WISC-IV edition 
(Wechsler, 2003), with corrected correlation coefficients of 0.65 and 0.71 on the WMI and 
PSI, respectively (Wechsler, 2014b). The WISC-IV has well-established psychometric 
properties (i.e., Kaufman, Flanagan, Alfonso, & Mascolo, 2006; San Miguel Montes, Allen, 
Puente, & Neblina, 2010; Wechsler, 2003) which likely extend to the WISC-V.  
Procedure 
Those parents who agreed to participate in the wider study were contacted to arrange a 
time to attend a three to four-hour session at the University of Otago and were emailed an 
information sheet about the study (Appendix D). During the session, a number of measures 
and instruments were administered by Postgraduate Clinical Psychology Masters and PhD 
students who were trained in specific standardised measures/tests and then required to 
demonstrate an acceptable standard of administration and scoring before conducting these 
with participants. At the beginning of the session, parents and their children were asked to 
complete consent forms for participation (Appendix E), along with a parental consent form 
for observation of the child in their classroom (Appendix F). Subsequently, the parents and 
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children were simultaneously tested/interviewed in different nearby rooms. The attending 
parent remained with one trained postgraduate student who first conducted the K-SADS-Pl 
interview before asking the parent to complete a number of questionnaires including the 
BASC-3 used in the present study. At the same time, their child was assessed an in adjacent 
room, where a range of tasks were carried out, such as administration of the WISC-V. At the 
end of the session, parents received a forty-dollar petrol voucher to cover their travel costs 
and time spent at the ADHD research centre and children received a twenty-dollar Warehouse 
voucher for their participation.  
A trained postgraduate student then visited the school in the subsequent months to 
conduct an observation of the child in their classroom. Initially, teachers were provided with 
an information sheet (Appendix G), a consent form for the observation (Appendix H), and 
school versions of the ADHD-RS-IV, and BASC-3 during this visit, alongside postage-paid 
addressed envelopes for returning completed questionnaires. However, following the high 
attrition rates for teacher data, the school versions of the ADHD-RS-IV and BASC-3 were 
emailed to the teachers through a secure network to be completed and returned electronically.  
The study was reviewed and approved by the ethics committees at the University of 
Otago and the Southern District Health Board prior to commencement of the study. Copies of 
the ethics approval forms are available in Appendix I. 
The writer’s role in the study’s data collection included conducting KSADs interviews 
with parents, school observations of children in their classrooms, and scoring and entering of 
questionnaire data collected from parents and teachers. 
Design and Analysis 
Analyses in the present study were conducted in three stages. Firstly, to provide 
descriptive information, the percentage of children impaired in each domain of adaptive and 
neurocognitive functioning (processing speed and working memory) were calculated 
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separately for the children diagnosed with ADHD and typically developing group. Given that 
the present study primarily included a population based sample, liberal cut scores were used 
for the adaptive functioning measures (T score < 40; 1 SD below the mean) and for the 
neurocognitive measures (Score > 85; 1SD below the mean). 
Secondly, bivariate correlational analyses were run to examine inter-relations among 
all of the study measures (BASC-3 adaptive functioning measures, WISC-V processing speed 
and working memory, and hyperactive/impulsive, inattentive, and total ADHD symptoms 
measured by the K-SADS-PL).  
Lastly, exploratory mediation models were conducted to determine whether working 
memory and processing speed mediated the association between ADHD symptoms and 
adaptive functioning. Mediation analyses were conducted in the present study using bias-
corrected, bootstrapped confidence interval procedures (Preacher & Hayes, 2004). This 
method was used instead of other mediation techniques (i.e., Sobel testing, Baron and 
Kenny’s causal steps approach; Baron & Kenny, 1986) as it does not assume that the 
sampling distribution of the indirect effect is normally distributed, it has higher power in 
smaller sample sizes, and less Type 1 error producing more reliable estimates of effects (Fritz 
& Mackinnon, 2007; Hayes, 2009; Ievers-Landis, Burant, & Hazen, 2011; MacKinnon, 
Lockwood, Hoffman, West, & Sheets, 2002). This tool allows the examination of whether 
ADHD symptoms (inattentive, hyperactive, total) impact on adaptive functioning is direct, 
indirect through its impact on working memory or processing speed, or direct and indirect.  
As depicted in Figure 1, and using standard mediation terminology (Hayes, 2009), 
the impact of ADHD symptoms (inattention, hyperactivity, total symptoms) on adaptive 
functioning prior to assessing whether working memory and processing speed variables 
serve as a mediator of this relationship, is referred to as the total effect (path c in 
Figure 1 and Tables 5 and 6). The direct effect represents the magnitude of the pathway in 
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which ADHD symptoms (inattention, hyperactivity, total symptoms) predicts working 
memory or processing speed (path a in Figure 1 and Tables 5 and 6), as well as each of the 
working memory and processing speed variables predicting adaptive functioning (path b in 
Figure 1 and Tables 5 and 6). The impact of ADHD symptoms on adaptive functioning after 
accounting for the possible mediating influence of working memory and processing speed 
variables is also considered a direct effect (path c′ in Figure 1 and Tables 5 and 6). The 
indirect effect for each of the mediating pathways is the difference in the effect size before 
(c pathway) and after (c′ pathway) accounting for the mediating effect of working memory 
and processing speed variables (path ab in Figure 1 and Tables 5 and 6). An indirect effect 
is said to have occurred if the 95% confidence interval does not contain zero, and, if this 
effect reduces to zero, full mediation is said to have occurred, while partial mediation occurs 







Figure 1. A visual depiction of the proposed mediating models. 
In this analysis, five-thousand bootstrapped samples were drawn with replacement 
from the original data, as recommended by Hayes (2009). Indirect effects and 95% confidence 
intervals (CIs) were then calculated from these results. The software Statistical Package for 







Hyperactive/Impulsive path c (total effect)  
 
path c’ (direct effect)  
 
Processing Speed 
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the Social Science (SPSS), version 25.0 was used for all analyses and mediation analyses 
were conducted using the PROCESS v3.3 Macro, Model 4 (Hayes, 2013).  
Results 
Preliminary Analyses 
All study variables (inattentive, hyperactive and total ADHD symptoms, WISV-V 
processing speed and working memory, and BASC-3 adaptability, social skills, functional 
communication, leadership, study skills, and activities of daily living) were screened for 
multivariate outliers using Mahalanobis Distance tests (p < 0.001) and univariate outliers 
(scores greater than 3.0 standard deviations from the mean in any direction). No significant 
outliers were identified.  
Descriptive Statistics 
To provide descriptive information, the percentage of children impaired in each 
domain of adaptive and neurocognitive functioning were calculated separately for the ADHD 
and typically developing groups. As depicted in Table 1, compared to typically developing 
children, a greater percentage of children diagnosed with ADHD exhibited impairment across 
all adaptive functioning domains, with ratings of impairment in children with ADHD (n=35) 
ranging from a quarter of the sample in social skills (25.7% vs 5.9% control children) to more 
than half the sample in adaptability (57.1% vs 14.7% in control children). In addition, almost 
twice as many children with ADHD exhibited impairment in processing speed (i.e., scored 
1SD below the mean) compared to typically developing children, and more than 4 times as 
many children diagnosed with ADHD exhibited impairment in working memory compared to 
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Table 1.  
Percentage of neurocognitive and adaptive functioning impairments in children with and 
without ADHD diagnoses 
Note: Impairment classified as 1SD below the mean; n=35 for children with ADHD and n=68 
for typically developing children; ^Parent and Teacher rated, °Teacher Rated, †Parent Rated. 
Correlational Analyses  
Bivariate correlations were run to examine the relations among the study measures as 
they are known to be inter-related. As shown in Table 2, the adaptive functioning measures 
were negatively correlated with all three of the ADHD subtypes, indicating that greater 
symptoms of inattention, hyperactivity, and their combined total are associated with lower 
adaptive skill functioning. In general, greater correlations were observed for inattentive 
symptoms compared to hyperactive symptoms. The weakest correlations between inattentive, 
hyperactive, and total ADHD symptoms can be observed for social skills. In addition, 
inattentive, hyperactive, and total ADHD symptoms were negatively correlated with working 
memory, indicating that higher ADHD symptoms were associated with lower working 
memory scores. Processing speed was also negatively correlated with inattentive and total 
Variables Percentage of Impairment 
 Children with ADHD Typically Developing 
Children 
Adaptive Functioning   
Adaptability^  57.1% 14.7% 
Social Skills^ 25.7% 5.9% 
Functional Communication^ 28.6% 8.8% 
Leadership^ 37.1% 11.8% 
Study Skills°  51.4% `13.2% 
Activities of Daily Living†  48.6% 10.3% 
Neurocognitive Measures   
Processing Speed 28.6% 14.7% 
Working Memory 34.3% 7.4% 
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ADHD symptoms indicating that higher inattentive and total ADHD symptoms were related 
to lower processing speed scores, however, no statistically significant correlation was found 
between processing speed and hyperactive ADHD symptoms.  
Table 2.  
Pearson correlations among adaptive functioning, processing speed and working memory, 
and hyperactive/impulsive, inattentive, and total ADHD symptoms 
Note: ^ Parent and Teacher rated †Parent Rated °Teacher Rated; *p<.05; **p<.01 
As depicted in Table 3, all of the adaptive functioning measures were strongly, 
positively correlated with each other, except between social skills and study skills which are 
moderately correlated. Weak to moderate positive correlations can be seen between the 
adaptive functioning measures and working memory suggesting that higher adaptive 
functioning scores are associated with higher working memory scores. However, processing 
speed was weakly positively correlated with the leadership and study skills variables only, 
suggesting that greater scores in these measures are associated with greater processing speed 
ability. No statistically significant correlations were found between processing speed and 
adaptability, social skills, and functional communication. Processing speed and working 
memory were positively correlated indicating that those children who scored higher on the 







Adaptability^ -.607** -.524** -.616** 
Social Skills^ -.372** -.304** -.368** 
Leadership^ -.650** -.379** -.558** 
Functional Communication^  -.535** -.352** -.481** 
Activities of Daily Living† -.678** -.509** -.645** 
Study Skills° -.668** -.385** -.571** 
Processing Speed -.295** -.108 -.218* 
Working Memory  -.544** -.380** -.502** 
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Table 3.  
Pearson correlations among the BASC-3 adaptive functioning measures, and the WISC-V processing speed and working memory subscales 
Note. ^Parent and Teacher rated adaptive functioning, °Teacher Rated, †Parent Rated; *p<.05; **p<.01
 Adaptive Skills Neurocognitive 
Functioning 
  Social Skills^ Functional 
Communication^ 






Adaptability^ .585** .661** .670** .539** .649** .085 .356** 
Social Skills^ 1 .653** .648** .420** .404** .104 .284** 
Functional 
Communication^ 
 1 .829** .642** .588** .135 .445** 
Leadership^   1 .622** .720** .276* .476** 
Study Skills°    1 .430** .200** .459** 
Activities of Daily 
Living† 
    1 .141 .367** 
Processing Speed      1 .302** 
Working Memory        1 
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Due to the high correlations observed between the domains of adaptive functioning, an 
additional Principal Components Factor Analysis with Varimax Rotation was conducted to 
determine whether the combined PRS and TRS adaptive functioning domains (adaptability, 
social skills, functional communication, leadership, and adaptive skills) and the parent-rated 
daily living skills and teacher-rated study skills loaded into a reduced number of factors. As 
shown in Table 4, these factors loaded into the same factor and these were saved as one 
variable which was named ‘Adaptive Functioning’.  
Table 4 
 Principal Components Factor Analysis with Varimax Rotation to determine factors for all of 
the adaptive functioning variables 
Note: A one factor solution was extracted; ^Parent and Teacher Rated combined variable, 
°Teacher Rated, †Parent Rated 
The combined adaptive functioning factor negatively correlated with hyperactivity, 
inattention, and total ADHD symptoms, with greater correlations for the latter two measures 
(r= -0.494, -0.711, and -0.655, respectively). A weak positive correlation between adaptive 
functioning and processing speed was found (r = 0.193), while a moderately positive 
correlation was found between adaptive functioning and working memory (r = .487).  
Variable Factor Loading Communality 
Adaptability^ .736 .542 
Social Skills^ .772 .595 
Leadership^ .835 .698 
Functional Communication^ .751 .565 
Study Skills° .919 .845 
Activities of Daily Living† .896 .803 
                                                                                                         % Total Variance = 67.46% 
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Mediation Analyses  
As depicted in Figure 1, and Tables 5 and 6, two simple mediation models were tested 
in this study with ADHD symptoms as the predictor, adaptive functioning as the dependent 
variable, and each of the neurocognitive domains (processing speed and working memory) as 
the proposed mediator. Models were tested separately for inattentive, hyperactive, and total 
ADHD symptoms to determine whether any effects were dependent on symptom type. 
Standardised regression coefficients (ß) Standard Error, (SE), and 95% confidence intervals 
(CI) are shown in Tables 5 and 6.  
Total Effects  
Examination of the total effects in Tables 5 and 6 indicated that inattentive, 
hyperactive, and total ADHD symptoms exerted a significant effect on adaptive functioning 
prior to considering the mediators (p < .01; path c). Inattentive, hyperactive and total ADHD 
symptoms and working memory explained 35%–52% of the variance in children’s adaptive 
functioning impairment (R2 = .35–.52, p < .01). While, inattentive, hyperactive and total 
ADHD symptoms and processing speed explained 21%–43% of the variance in children’s 
adaptive functioning impairment (R2 = .21–.43, p < .01). 
Direct Effects.  
Working Memory. As shown in Table 5, lower inattentive, hyperactive, and total 
ADHD symptoms predicted greater working memory scores (p < .0001; path a). In turn, 
higher working memory scores predicted better adaptive functioning after accounting for the 
influence of hyperactive and total ADHD symptoms (p < .0001; path b), whereas working 
memory did not independently predict adaptive functioning after accounting for inattentive 
ADHD symptoms (p = .0880; path b). In addition, lower inattentive, hyperactive, and total 
ADHD symptoms predicted greater adaptive functioning scores after accounting for the 
mediating influence of working memory (p < .0001; path c’).  
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Processing Speed. As shown in Table 6, higher inattentive and total ADHD symptoms 
(p < .0001) predicted lower processing speed scores, whereas hyperactive symptoms did not 
significantly predict processing speed scores (p = .278; path a). In addition, processing speed 
did not predict adaptive functioning after accounting for the influence of inattention (p = 
.802), hyperactivity (p = .104), and total ADHD symptoms (p - .493; path b). In contrast, 
lower inattentive, hyperactive, and total ADHD, symptoms predicted greater adaptive 
functioning scores after accounting for the mediating influence of processing speed (p < 
.0001; path c). 
Indirect Effects. 
Working Memory. Interpretation of the full bootstrapped mediation model presented 
in Table 5 indicated that inattentive, hyperactive, and total ADHD symptoms exerted 
statistically significant indirect effects on adaptive functioning through working memory 
(95% CIs exclude 0.0, indicating p < .050; path ab). The indirect effect of ADHD symptoms 
through working memory on adaptive functioning was greatest for symptoms of 
hyperactivity, followed by total ADHD symptoms, and then inattentive symptoms.  
Processing Speed. In contrast, the indirect effect of ADHD symptoms through 
processing speed as depicted in Table 6, was non-significant for inattentive, hyperactive, and 
total ADHD symptoms (95% CIs include 0 indicating p > .050, path ab). 
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Table 5.  
Bias-corrected bootstrapping mediation analyses of the impact of ADHD symptoms and working memory on adaptive functioning. 
Note. Path labels reflect standard terminology (cf. Fritz and MacKinnon, 2007) and are depicted in Figure. 1; c and c’ reflect the total and direct 
effect of ADHD symptoms on adaptive functioning, before and after accounting for working memory, respectively; Non-significant pathways 
are shown in grey front (95% CI includes 0,0); *p < 0.05, **p< 0.01
   ADHD Symptoms 
Path   Inattention Hyperactivity Total ADHD Symptoms 
   ß SE p ß SE p ß SE p 
 Total Effect          
c ADHD symptoms → Adaptive Functioning -.711 .013 ** -.494 .015 ** -.655 .007 ** 
 Direct Effects           
a ADHD symptoms → Working Memory -.544 .207 ** -.380 .218 ** -.502 .114 ** 
b Working memory → Adaptive Functioning .142 .006 .0880 .350 .006 ** .212 .006 * 
c' ADHD symptoms → Adaptive Functioning -.634 .015 ** -.362 .015 ** -.548 .008 ** 
 Indirect Effects (through mediator)           
ab ADHD symptoms → Adaptive Functioning -.077 .036  -.133 .036  -.106 .036  
 95% CI of Bootstrap -.145 to -.0015 -.210 to -.068 -.182 to -.041 
 Model Summary R2 p  R2 p  R2 p  
 .520 **  .349 **  .462 **  
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Table 6.  
Bias-corrected bootstrapping mediation analyses of the impact of ADHD symptoms and processing speed on adaptive functioning 
Note: Path labels reflect standard terminology (cf. Fritz and MacKinnon, 2007 ) and are depicted in Figure 1; c and c’ reflect the total and direct 
effect of ADHD symptoms on adaptive functioning, before and after accounting for processing speed, respectively; Non-significant pathways 
are shown in grey front (95% CI includes 0,0); *p < 0.05, **p< 0.01
   ADHD Symptoms 
Path   Inattention Hyperactivity Total ADHD Symptoms 
   ß SE p ß SE p ß SE p 
 Total Effect          
c ADHD symptoms → Adaptive Functioning -.711 .013 ** -.494 .015 ** -.655 .007 ** 
 Direct Effects           
a ADHD symptoms → Processing Speed -.295 .239 ** -.108 .238 .278 -.218 .130 * 
b Processing Speed → Adaptive Functioning -.019 .005 .802 .142 .006 .104 .053 .006 .493 
c' ADHD symptoms → Adaptive Functioning -.717 .013 ** -.479 .015 ** -.643 .008 ** 
 Indirect Effects (through mediator)           
ab ADHD symptoms → Adaptive Functioning .006 .012  -.015 .017  -.012 .017  
     95% CI of Bootstrap -.030 to .050 -.054 to .012 -.049 to .018 
 Model Summary R2 p  R2 p  R2 p  
 .506 **  .264 **  .431 **  
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Discussion 
The overarching goal of the present study was to investigate the association between 
ADHD symptoms, adaptive functioning, and working memory and processing speed; and to 
explore whether the latter two variables mediate the relation between ADHD symptoms and 
adaptive functioning in children aged 6-12 years. There were three main findings in the 
present study. In line with the first hypothesis, the results showed that a greater percentage of 
children with ADHD displayed impaired adaptive functioning, processing speed, and 
working memory abilities compared to typically developing children. The second hypothesis 
was partially supported with significant correlations found between all study variables, except 
for those relating to processing speed, which did not support the second hypothesis. While 
processing speed was found to be negatively correlated with inattentive and total ADHD 
symptoms, and positively correlated with working memory, leadership, study skills, and the 
overall adaptive functioning measure, no significant correlations were found between 
processing speed and hyperactive symptoms, adaptability, social skills, and functional 
communication. Correlational analyses also revealed a general trend for stronger correlations 
between inattentive symptoms and the adaptive functioning and neurocognitive variables 
compared to hyperactive symptoms. Lastly, and in line with the third hypothesis, working 
memory partially mediated the relationship between inattentive, hyperactive, and total ADHD 
symptoms and adaptive functioning. However, contrary to predictions, processing speed did 
not significantly mediate the association between inattentive, hyperactive, and total ADHD 
symptoms and adaptive functioning.  
Group Differences in Adaptive Functioning, Working Memory, and Processing Speed 
The findings that a greater percentage of children with ADHD display impairment in 
adaptive functioning, compared to typically developing children, is highly consistent with 
prior research (Roizen et al., 1994; Stein et al., 1995; Wang et al., 2011; Wehmeier et al., 
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2010). In the case of the present study, the estimates of impairment in children with ADHD 
ranged from 25% of the sample in the domain of social skills to 57% of the sample in the 
adaptive functioning domain, compared to just 6% of typically developing children in the 
social skills domain to 15% in the adaptive functioning domain. Therefore, children with 
ADHD were between 3 to 4 times more likely than typically developing children to display 
impairments in any one domain of adaptive functioning. Interestingly, this estimate is 
significantly below that of Strine et al. (2006), who found that children diagnosed with 
ADHD were approximately nine times more likely than children without ADHD to display 
impairment in home life skills, peer relationships, academic learning, and recreational 
activities. The discrepancy in results between the study by Strine et al. (2006) and the current 
study may reflect methodological differences in the measure of impairment and the 
classification of ADHD diagnoses. Strine et al. (2006) collected data from the 2003 National 
Health Interview Survey, which is a computer-based survey administered to a random 
selection of households in the United States each year. Impairment was assessed using the 
Extended Version of the Strength and Difficulties Questionnaire (SDQ-X; Goodman, 1999) 
and impairment was defined as a response of either “a medium amount” or “a great deal” 
(i.e., a score of 1 or 2). Diagnoses of ADHD were established by asking the parental 
informant whether such a diagnosis had ever been made. In contrast, both impairment and 
ADHD diagnoses in the present study were made using a multi-informant and multi-modal 
process, which included psychometrically validated and normed measures. Thus, it is 
possible that parent reports of impairment and a history of ADHD diagnosis in the study by 
Strine et al. (2006) were inconsistent, under-reported and/or over-reported due a lack of 
corroborating, norm-referenced evidence, leading to elevated estimates of impairment in 
children with ADHD, or decreased estimates of impairment in typically developing children.  
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In further support of the first hypothesis and the empirical literature (Chhabildas et al., 
2001; Engelhardt et al., 2008; Fried et al., 2016; Karatekin & Asarnow, 1998; Kibby et al., 
2019; Kofler et al., 2018; Kofler et al., 2017; Mayes & Calhoun, 2007; Naglieri et al., 2003; 
Shanahan et al., 2006), the present study found that six times as many children diagnosed 
with ADHD were impaired in their working memory abilities compared to typically 
developing children (34.3 vs 7.4% respectively), and almost twice as many children with 
ADHD displayed impairments in processing speed compared to typically developing children 
(28.6% vs 14.7% respectively). These results suggest that children who meet criteria for a 
diagnosis of ADHD are at greater risk of performing significantly below other children on 
working memory and processing speed measures.  
Correlational Analyses 
 In the correlational analyses, the adaptive functioning measures were negatively 
correlated with all three of the ADHD symptom domain variables, indicating that children 
who displayed greater inattentive, hyperactive, and total symptoms of ADHD scored lower 
on ratings of adaptive functioning. Moreover, there was a general trend for the correlations 
between adaptive functioning and symptoms of ADHD to be stronger for symptoms of 
inattention compared to symptoms of hyperactivity/impulsivity. This is in line with previous 
conclusions that inattentive symptoms are associated with a range of adaptive functioning 
deficits in those with ADHD to a greater degree than hyperactive symptoms, including 
communication (Bignell & Cain, 2007), academic abilities (Rodriguez et al., 2007), and 
social skills (Huang-Pollock et al., 2009).  
In combination with the observed group differences in impairment between children 
with and without an ADHD diagnosis, the findings from the present study suggest that 
children with greater symptoms of ADHD, and in particular, greater symptoms of inattention, 
have more difficulty than typically developing children, successfully completing day to day 
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activities, such as, but not limited to, communicating needs, learning academic skills, relating 
to others, caring for one’s self and safety, and participating in social settings, the community, 
and extra-curricular activities. The association between ADHD symptoms and impairment is 
an extremely robust finding (Stavro et al., 2007; Stein et al., 1995), and illustrates just how 
important it is to uncover the mechanisms underlying this association so that effective 
treatments can be provided. Failure to treat these impairments early may result in greater 
impairment as children develop and take on greater responsibilities (Klein et al., 2012). 
In addition, and in keeping with the described literature (Engelhardt et al., 2008; 
Karatekin & Asarnow, 1998; Sonuga-Barke et al., 2002; Westerberg et al., 2004) working 
memory was negatively correlated with symptoms of inattention and hyperactivity, and total 
ADHD symptoms, suggesting that those children with increased symptoms of inattention and 
hyperactivity had poorer abilities to temporarily store (for a few seconds) and manipulate 
incoming, task-relevant information in mind such that it can be used to guide behaviour.  
Processing speed was also moderately correlated with symptoms of inattention, and 
combined ADHD symptoms, however, it was not statistically significantly correlated with 
hyperactivity. This indicates that those children who have greater symptoms of inattention 
have greater difficulty processing information and generating an accurate response within 
constrained time limits, while those with greater hyperactive symptoms may not. These 
findings support a myriad of studies in which processing speed deficits were more closely 
related to symptoms of inattention, rather than hyperactive symptoms (Chhabildas et al., 
2001; Hellwig-Brida et al., 2010; Kubo et al., 2018; Rossi et al., 2015; Willcutt et al., 2001). 
For example, Nigg, Stavro, et al. (2005) found that inattentiveness was negatively associated 
with processing speed (i.e., increased inattentiveness led to slower performance) while 
hyperactivity was positively associated with processing speed (i.e., increased severity of 
hyperactivity symptoms was associated with faster performance).  
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While both working memory and processing speed were statistically significantly 
correlated with the overall adaptive functioning variable, the association between processing 
speed and adaptive functioning was weak. This is likely due to the non-significant 
correlational findings between processing speed and the specific adaptive functioning 
measures of adaptability, social skills, and functional communication. These findings are in 
contrast with previous studies that have found strong associations between processing speed 
and adaptive functioning (Hedvall et al., 2013; Rassovsky et al., 2006; Treble-Barna et al., 
2017). For example, in a sample of children with Autism Spectrum Disorder, it was found 
that processing speed predicted 38%, 35%, 34%, and 37% of the variance for 
Communication, Daily Living Skills, Motor Skills, and total Adaptive Composite scores, 
respectively (Hedvall et al., 2013). However, in keeping with the present study, and in a 
sample of children with ADHD, small effect sizes (d=.18 - .26) were found between the 
adaptive skills of children with ADHD who displayed average processing speed ability and 
those children with ADHD who displayed impaired processing speed (Thaler et al., 2013), 
despite having more than five times the number of children diagnosed with ADHD (189 vs 
35 in the present study); thus, the sample in the present study may have been too small to 
demonstrate stronger statistically significant associations.  
Mediation Analyses 
Of primary interest in the present study was whether working memory and processing 
speed abilities mediate the relationship between inattentive, hyperactive, and total ADHD 
symptoms and adaptive functioning. Identifying the neurocognitive mechanisms that underlie 
adaptive functioning impairments in those who display symptoms of ADHD has the potential 
to improve long-term outcomes through neuropsychologically informed intervention (Chacko 
et al., 2014). As predicted, working memory was found to partially mediate the relationship 
between inattentive, hyperactive, and combined ADHD symptoms and adaptive functioning. 
WORKING MEMORY, PROCESSING SPEED, AND IMPAIRMENT IN ADHD  47 
 
The findings corroborate those of previous investigations by demonstrating the influence of 
working memory on ADHD symptom severity and adaptive functioning deficits. For 
instance, Tseng and Gau (2013) found that spatial working memory mediated the association 
between ADHD and social problems in 279 children aged 11-17 years with ADHD and 173 
typically developing children. Further, Friedman et al. (2017) found that the central 
executive aspect of working memory (Baddeley, 1992, 2003) partially mediated ADHD-
related reading comprehension differences. However, the findings in the present study also 
extend beyond the current literature by investigating the mediating effect of working memory 
on overall adaptive functioning in general. This provides further insight into the 
heterogeneity of impairment in observed among children with ADHD and suggest that 
working memory ability may in part explain why some children who display symptoms of 
ADHD, but not others, display impaired adaptive functioning. Moreover, given that ADHD 
symptoms were assessed dimensionally in the present study, the findings may not be limited 
to those children who meet the DSM-5 diagnostic criteria for ADHD (APA, 2013).  
The influential effects of working memory on the association between ADHD 
symptom severity and impairment suggest that this neurocognitive domain should be a core 
target in the assessment and treatment of ADHD. This fits with the New Zealand Guidelines 
for the treatment of ADHD which indicate that intervention should be individualised for the 
child, holistic, fit the target symptoms, and multi-modal (Ameratunga & Appelton, 2001). 
Intervention aimed at improving working memory in children with ADHD may indirectly 
increase their ability to effectively communicate and interact with others, complete basic day 
to day tasks successfully, form and maintain friendships, achieve academically as expected or 
above expectations, and meet self-directed goals. These findings are important given the 
long-term prognosis of this disorder and the knowledge that stimulant medication does not 
always improve the impairments observed in children with ADHD (Gualtieri & Johnson, 
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2008; Healey et al., 2011; Pelham et al., 1980; Rapport et al., 1994). Unfortunately, while 
existing working memory training programs have been found to improve performance on 
working memory tasks in the short-term (Chacko et al., 2014; van der Donk, Hiemstra-
Beernink, Tjeenk-Kalff, van der Leij, & Lindauer, 2015), the evidence suggests that these 
improvements oftentimes fail to persist in the long-term and they don’t consistently 
generalise to tasks that indirectly utilise working memory such as attention, inhibition, 
executive functioning, academic ability and adaptive functioning (Beck et al., 2010; Chacko 
et al., 2013; Green et al., 2012; Melby-Lervag & Hulme, 2013; Melby-Lervag, Redick, & 
Hulme, 2016; Rapport, Orban, Kofler, & Friedman, 2013; Shipstead, Redick, & Engle, 
2012). One such working memory training program, Cogmed Working Memory Training 
(CWMT), involves repeated practice of approximately 12 different visual-spatial and verbal 
working memory tasks delivered via a computer. The difficulty level is automatically 
adjusted to the child’s performance on each task (Green et al., 2012; Hitchcock & Westwell, 
2017; van der Donk et al., 2015). Hitchcock and Westwell (2017) investigated whether 
school-based CWMT improved reading and mathematics ability, and emotional, social, and 
behavioural difficulties in 148 primary-school children (age 10 – 13 years). Children were 
randomised to either an active CWMT, a non-adaptive/placebo version of CWMT (an 
unscaffolded version in which the tasks did not increase in difficulty), or no training. The 
authors found no statistically significant differences between conditions on measures of 
attention and academic ability, or teacher-reported social, emotional, and behavioural 
difficulties. In a sample of children with ADHD, Chacko et al. (2014) found that children 
assigned to the CWMT active condition demonstrated significantly greater improvements in 
verbal and non-verbal working memory storage compared to those in the CWMT placebo 
condition. However, no statistically significant gains were observed in parent- and teacher-
rated symptoms of ADHD or academic achievement (Chacko et al., 2014). Moreover, Melby-
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Lervag and Hulme (2013) conducted a meta-analysis of 23 studies and found significant 
effects sizes for the impact of memory training on improvements in verbal (d = 0.79) and 
visual-spatial working memory (d = 0.52), but no significant effects for the generalisability of 
training to other skills such as arithmetic, word decoding, and inhibition. In support, a recent 
meta-analysis found a nonsignificant effect (d = 0.14) of CWMT on academic performance in 
children with ADHD (Rapport et al., 2013). It is suggested that other internal and external 
factors such as motivation, interest, and environmental factors influence the applicability of 
these findings to everyday settings (Hitchcock & Westwell, 2017). In summary, these 
findings indicate that further research investigating the generalisability of working memory 
interventions to the everyday tasks known to be impaired in children with ADHD is required.  
In contrast to the third hypothesis, processing speed was not found to mediate the 
relationship between ADHD symptoms and adaptive functioning. While this was unexpected 
given the established associations between processing speed and ADHD and adaptive 
functioning within the empirical literature, when examining the weak association between 
processing speed and adaptability in this study it is not unsurprising. There exists several 
hypotheses for the lack of predicted findings. Firstly, some children with impaired processing 
speed may have been excluded from the study given that those children who performed in the 
low IQ range (<80) were removed from analyses. As the present study required children to 
withhold taking stimulant medication on the day of the study, some children with ADHD 
likely performed below their true intellectual functioning due to symptoms of inattention and 
hyperactivity, causing them to be removed from the study sample. In support, a number of 
studies have found that for children with ADHD, a significant increase in IQ scores is likely 
after receiving pharmacologic intervention (Gimpel et al., 2005), and meta-analyses report 
the average effect of stimulant medication on IQ in children with ADHD to be 2 to 9 IQ 
points (Frazier et al., 2004; Jepsen, Fagerlund, & Mortensen, 2009). Moreover, some studies 
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suggest that the WISC-V Digit Span task from the Working Memory Index, and the WISC-V 
Coding and Symbol Search subtests from the Processing Speed Index are more sensitive to 
the effects of attention deficits in ADHD than other subtests (Mayes & Calhoun, 2004). 
These subtests were utilised in the present study. Along the same lines as this, children’s 
performance on the tests of cognitive functioning in the present study may have been 
influenced by anxiety/unfamiliarity as it was administered first during the assessment session. 
Given that anxiety disorders are frequently comorbid with ADHD (Jensen & Steinhausen, 
2015), the effects of anxiety in combination with difficulty sustaining attention, may also 
have increased that likelihood that children with more severe symptoms of inattention and 
hyperactivity were unintentionally excluded from the study due to low intellectual 
functioning. 
The second possible reason for the finding that processing speed did not mediate the 
association between ADHD symptoms and adaptive functioning is due to the rates of 
neurocognitive impairment in children with and without a diagnosis of ADHD found in the 
present study. Specifically, almost twice as many control children displayed deficits in 
processing speed compared to working memory, and only twice as many children with 
ADHD displayed deficits in processing speed compared to typically developing children. In 
comparison, seven times as many children with ADHD displayed working memory deficits. 
Therefore, several control children in the present study may have displayed processing speed 
deficits without displaying the associated adaptive functioning impairment, reducing the 
association between these two variables. There are a number of childhood disorders that have 
been shown to be associated with impaired processing with varying degrees of associated 
adaptive functioning impairments, including but not limited to reading disability (Shanahan et 
al., 2006), language impairment (Leonard et al., 2007) , and depression (Calhoun & Mayes, 
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2005). In fact, those with reading disabilities have been shown to demonstrate greater 
processing speed deficits than children with ADHD (Shanahan et al., 2006). 
The third possible reason for why a mediating effect of processing on the association 
between ADHD symptoms and adaptive functioning was not found is due to the small 
representation of ADHD symptoms. In line with the literature base, the findings from the 
present study indicate that deficits in processing speed are driven by inattentive symptoms. 
Although a dimensional approach was taken whereby correlational and mediation analyses 
were used to examine the associations between the subtypes of symptomology with the other 
variables, the current study only included 23 participants with diagnostically elevated levels 
of inattentive ADHD symptoms (six or more inattentive symptoms). In contrast, Thaler et al. 
(2013) recruited 189 children diagnosed with ADHD–inattentive and ADHD–combined 
subtypes to assess statistical differences in adaptive functioning and processing speed. Thus, 
it may be that the clinical sample used in the present study was not large enough to reveal any 
significant mediation effects. Therefore, future research should aim to have both a larger 
representation of ADHD symptomology within their samples.  
Limitations and Future Improvements 
The unique contribution of the current study was the investigation of the associations 
among working memory and processing speed processes, ADHD symptoms, and adaptive 
functioning. As far as the writer is aware, the present study is the first to investigate the 
mediating role of working memory and processing speed in the association between ADHD 
symptoms and adaptive functioning in general. However, as with all research, the present 
study is not without limitations and several caveats merit consideration when interpreting the 
results of the present study. Firstly, the present study did not assess whether children met 
criteria for comorbid behavioural and mood disorders; thus, the extent to which the findings 
relate to ADHD symptoms specifically is unknown. The present study included many self-
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referred participants recruited from social-media and schools, which in many cases were 
made by parents seeking answers for their child’s difficult behaviour. Not all of these 
children with behaviour difficulties in the current study would have met criteria for ADHD 
only, and may have been explained by, or related to other diagnoses, including but not limited 
to, Oppositional Defiant Disorder and/or Parent-Child Relational difficulties. It is widely 
known the majority of children diagnosed with ADHD have at least one comorbid diagnosis 
(Biederman, 2005; Ghanizadeh, 2009; Jensen & Steinhausen, 2015). Future research should 
assess whether participants meet criteria for comorbid disorders so that greater understanding 
of how the results relate to symptoms of ADHD symptoms specifically can be achieved.  
Another interesting point to consider is that the present study investigated the 
mediating effect of working memory on the association between ADHD symptoms and 
adaptive functioning by looking at working memory in general. However, there are many 
different aspects of working memory, including the three components put forth by Baddeley 
(1992, 2003, 2012). These include the central executive and phonological and visuospatial 
subsystems. The central executive is said to coordinate and control the two storage systems, 
while the phonological system stores spoken and written information and the visuospatial 
storage system maintains and processes visual and spatial information (Baddeley, 1992). 
Instead, the present study estimated working memory ability using the WISC-V Working 
Memory index, which is comprised of the Digit Span and Picture Span tasks (Wechsler, 
2014a). Digit Span is a measure of auditory working memory and requires the participant to 
mentally encode and immediately recall a series of verbally read aloud by the examiner 
forward in the same order, backward in reverse order, and in sequential order from lowest to 
highest. Picture span measures are intended as nonverbal duplicates of digit span tasks, and 
require the participant to observe a series of pictures for a predefined period before recalling 
them from a group of distractors in the sequence in which they were presented. A substantial 
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portion of the literature suggests that children with ADHD display larger magnitude deficits 
in the central executive aspect of working memory, compared to the phonological and 
visuospatial storage systems (Friedman, Rapport, Orban, Eckrich, & Calub, 2018; Gathercole 
& Pickering, 2000; Kofler et al., 2011; Rapport et al., 2008) and recent studies provide 
convincing evidence that Digit Span and Picture Span tasks are both measures of the 
phonological or visual-spatial subsystems rather than central executive processing (Friedman 
et al., 2017; Rosen & Engle, 1997; Swanson & Kim, 2007). Future research may consider 
evaluating the different aspects of working memory proposed by Baddeley (1992, 2003, 
2012) in the association between inattentive and hyperactive symptoms and adaptive 
functioning in order to assess and treat the specific aspects of working memory impairments 
which underlie the association between ADHD symptoms and impairment. 
A further methodological limitation of the present study is the measurement of child 
adaptive functioning through retrospective self-report. Although this method is consistent 
with previous research (i.e., Thaler et al., 2013), and the measures used in this study are 
reported to have good psychometric properties, self-report of behaviour is suggested to be 
susceptible to rater bias (Van de Mortal, 2008). While the study attempted to overcome this 
by combining the parent and teacher ratings of impairment, both parents and teachers may 
have rated children more positively or negatively than their true adaptive functioning 
abilities. This limitation could be overcome by including objective clinician ratings of a 
child’s adaptive behaviour by observing the child in their school environments.  
Despite these limitations, the present study provides greater understanding of the 
association between ADHD symptoms, working memory, processing speed, and adaptive 
functioning and the role in which these aspects of neurocognitive functioning may play in the 
adaptive functioning deficits observed in many children with ADHD. The present study also 
had methodological strengths validating the findings, include comprehensive assessment of 
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symptoms of ADHD, adaptive functioning, and neuropsychological functioning using 
objective and standardized measures.  
Conclusion 
Collectively, current and past findings indicate that neurocognitive processes are 
particularly important for understanding heterogeneity in the core symptoms and adaptive 
functioning among children with ADHD. To the writer's knowledge, the present study is the 
first to investigate the impact of working memory and processing speed on the association 
between dimensionally rated ADHD symptoms and adaptive functioning. At this stage, it be 
can concluded that children who display greater symptoms of inattention and hyperactivity 
tend to display lower adaptive functioning, working memory, and processing speed abilities, 
and children with a diagnosis of ADHD are at greater risk of displaying impairment on these 
measures than typically developing children. In addition, it seems that working memory 
abilities, but not processing speed, in part explain the association between ADHD symptoms 
and adaptive functioning impairment. The current study supports past literature and adds to 
growing evidence implicating working memory deficits in core ADHD behavioural, 
neurocognitive, and functional impairments. These findings hold promise for developing 
improved diagnostic tools and identifying novel intervention targets, and suggest that 
interventions targeting working memory processes may be beneficial for ameliorating the 
adaptive functioning impairments commonly associated with the behavioural symptoms of 
ADHD. 
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APA-5 Diagnostic Criteria for Attention Deficit Hyperactivity Disorder (APA, 2013) 
A. Persistent pattern of inattention and/or hyperactivity-impulsivity that interferes 
with functioning or development, as characterized by (1) and/or (2). 
1. Inattentive symptoms: Six or more (5 or more for 17+ years) of the following symptoms 
have persisted for at least 6 months to a degree that is inconsistent with developmental 
level and that negatively impacts directly on social and academic/occupational activities.  
a. Does not give close attention to details or makes careless mistakes 
b. Has difficulty sustaining attention on tasks or play activities 
c. Does not seem to listen when directly spoken to 
d. Does not follow through on instructions and does not finish schoolwork, chores, or 
duties in the workplace 
e. Has trouble organising tasks or activities 
f. Avoids, dislikes, or is reluctant to do tasks that need sustained mental effort 
g. Loses things needed for tasks or activities 
h. Easily distracted 
i. Forgetful in daily activities 
 
2. Hyperactivity or impulsivity symptoms: Six or more (5 or more for 17+ years) of the 
following symptoms have persisted for at least 6 months to a degree that is inconsistent 
with developmental level and that negatively impacts directly on social and 
academic/occupational activities. 
a. Fidgets with or taps hands or feet, or squirms in seat 
b. Leaves seat in situations when staying seated is expected 
c. Runs about or climbs when not appropriate (may present as feelings of restlessness in 
adolescents or adults) 
d. Unable to play or undertake leisure activities quietly 
e. “On the go”, acting as if “driven by a motor” 
f. Talks excessively 
g. Blurts out answers before a question has been finished 
h. Has difficulty waiting his or her turn 
i. Interrupts or intrudes on others 
 
B. Symptoms were present prior to age 12 years. 
C. Symptoms are present in two or more settings (e.g., at home, school, or work; with 
friends or relatives; in other activities). 
D. Evidence that the symptoms interfere with, or reduce the quality of, social, 
academic, or occupational functioning. 
E. The symptoms do not occur exclusively during the course of schizophrenia or 
another psychotic disorder and are not better explained by another mental disorder 
Specify in past 6 months:  
- Combined presentation: Criterion A1 and Criterion A2 met for the past 6 months. 
- Predominantly inattentive presentation: Criterion A1 but Criterion A2 is not met 
for the past 6 months.  
- Predominantly hyperactive/impulsive presentation: If Criterion A2 is met but 
Criterion A1 is not met for the past 6 months.  
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Appendix B 
Independent Sample T-Test 
Table B.1 
Independent Samples T-Test of the Adaptive Functioning, Neurocognitive Functioning, and 
ADHD symptoms of included study participants with complete data and excluded 







t df Sig. (2-
tailed) 
BASC-3 Parent Rated 
Adaptive Functioning  
     
*Adaptability  44.43 (12.403) 45.42 (9.145) .404 131 .689 
Social Skills 44.40 (10.624) 47.59 (8.853) 1.659 131 .099 
Leadership 46.07 (9.591) 46.65 (8.813) .313 131 .755 
Functional Communication 46.00 (9.570) 47.88 (9.659) .942 131 .348 
Activities of Daily Living  46.90 (10.649) 46.18 (9.954) -.341 131 .734 
WISC-V      
Processing Speed Index 91.57 (13.315) 96.83 (13.798) 1.851 131 .066 
Working Memory Index 103.07 (14.939) 100.28(13.587) -.966 131 .336 
ADHD-RS IV Parent 
Rated Symptoms 
     
Hyperactive Symptoms  9.69 (7.364) 9.16 (7.512) .168 130 .867 
Inattentive Symptoms 9.48 (6.429) 9.76 (8.090) -.340 130 .735 
Total ADHD symptoms 19.172 (13.280) 18.913 (14.910) -.085 130 .933 
Note: n=103 for included participants and n=29/30 for excluded participants; *Equal variance 
not assumed  
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Appendix C 
Principal Component Factor Analyses 
Table C.1 
Principal Component Factor Analyses to determine factors for the teacher and parent ratings 
of each adaptive functioning domain  
Note: Each parent and teacher-rated adaptive functioning domain was examined separately. A 













Parent- and Teacher-Rated Factor Loading % of Variance Communality 
Analysis 1    
Adaptability .852 72.52% .725 
Analysis 2    
Social Skills .811 65.84% .658 
Analysis 3    
Leadership .848 71.91% .719 
Analysis 4    
Functional Communication .843 71.03% .710 
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Appendix D 
Parent Information Sheets 
[Reference Number: H17/018] 
 [17/02/17] 
 
BRAIN PROCESSES, UNDERSTANDING OTHER’S BELIEFS, AND LANGUAGE 
USE IN CHILDREN WITH VARYING LEVELS OF INATTENTION, 
HYPERACTIVITY, AND IMPULSIVITY 
 
INFORMATION SHEET FOR PARENTS/GUARDIANS 
 
You and your child are being invited to take part in our study comparing specific brain 
processes, understanding of other’s beliefs, and language use in children with varying levels of 
attention, hyperactivity, and impulsivity. Please read this information sheet carefully before 
deciding whether or not to participate. If you or your child have any questions at all we would 
be happy to discuss the study further with you or them. 
 
The nature and purpose of the research 
 
The purpose of this study is to investigate the relations between the specific brain processes, 
understanding of other’s beliefs, and language use in children with varying levels of attention, 
hyperactivity, and impulsivity. If specific links are found then it could lead to intervention 
strategies aimed at increasing children’s language ability. This project is being undertaken as 
part of the requirements for Sid Wales’ PhD. As a secondary component, relations between 
self-regulation and academic achievement are being investigated for Alannah Corson Keogh’s 
PhD. 
 
What type of participants are being sought? 
 
150 children aged between 6-12 years who either meet the diagnostic criteria for ADHD or do 
not show any elevated levels of hyperactivity/impulsivity and inattention will be sought for 
this study. 
 
The procedure and how long it will take 
 
This project will require you and your child to attend a 3-4 hour session at the University of 
Otago Psychology Department. If preferable, this can be broken into multiple shorter sessions. 
Sessions can be scheduled any day that suits you including weekends. Multiple breaks will also 
be offered throughout the session.  
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If you and your child meet the criteria for the study, and should you both consent, we will invite 
you and your child to attend an appointment at our research clinic. Firstly, you will be 
interviewed to assess current and past episodes of mental disorder in your child. This is used 
to settle on a formal diagnosis of ADHD and to screen for the commonly co-occurring disorders 
of oppositional defiant disorder and conduct disorder. Your child will then complete six 
sections of the procedure: 
 
While your child completes these sections, you will complete some standard questionnaires 
about yourself and regarding your child’s behaviour. These include the Alabama Parenting 
Questionnaire, the NEO Personality Inventory (third edition; NEO-PI-3), the Parent Stress 
Index (fourth edition; PSI-4), the COPE inventory, and the Depression and Anxiety Stress 
Scales (DASS-21). You will also be asked to sign a form that gives permission for your child’s 
teacher to complete similar questionnaires about your child and for a trained post-graduate 
student to observe your child for a 20 minute period of class time. The teacher will then be 
contacted and asked to complete questionnaires about your child’s school functioning along 
with organising a time for the observation. Signed permission to observe in the classroom will 
be obtained from the teacher at the time of the observation. 
 
Section 1: In the first section your child will have a 15 minute conversation with you. This 
conversation will be video recorded to so that the interaction can be observed by the researcher. 
We will code specific aspects of conversation used by your child in order to assess their 
conversation skills. During this conversation you will be asked to discuss three past events 
that you have experienced with your child, which were one-offs and lasted less than one 
day. Past examples include: birthday parties, day trips, museum visits, or school trips. 
 
Section 2: In the second section your child will be administered an assessment of cognitive 
functioning in the form of four skills (Verbal Comprehension, Perceptual Reasoning, Working 
Memory, and Processing Speed) derived from ten core and five supplemental subtests which 
will take roughly 1.5 hours to complete. Responses to these subtests designed to assess 
cognitive functioning in children will be recorded.  
Section 3: In the third section your child will be administered selected subtests of an 
assessment of neuropsychological development which includes sorting pictures of animals, 
listening to and responding to sets of words, reading analogue clocks, drawing, and responding 
to different shapes. Responses to these tasks designed to assess neuropsychological 
development in children will be recorded. This will take around 30 minutes to complete.  
 
Section 4: In the fourth section your child will be required to point to pictures of objects 
described by the researcher which should take around 20 minutes to complete. Reponses to 
this task will be recorded.  
 
Section 5: In the fifth section your child will listen to excerpts from conversations and answer 
some questions about them which should take around 10 minutes to complete. Participant error 
rates will be recorded. This will be used to estimate the ability of your child to detect aspects 
of language that don’t quite make sense. 
 
Section 6: In the final task your child will be asked questions about comic strips and short 
paragraphs which will take around 10 minutes to complete. Reponses to this task will be 
recorded.  
After the second task your child will be offered a 20 minute break along with a drink and a 
snack. They will also be allowed to ask for breaks between any of the other tasks. The entire 
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procedure should not take longer than 3-4 hours to complete and is a one-off commitment. 
During this time we will also conduct a brief interview with you. The purpose of this interview 
is for us to gain a better understanding of your child’s behaviour. 
 
If your child is taking stimulant medication for ADHD, you will be asked not to give them their 
medication for 24 hours before you bring him/her to the university. This is standard practice in 
research with children who have ADHD as the medication effects their performance on some 
of the tasks. If you have any questions or concerns about this process we are happy to talk about 
it. 
 
Please be aware that you may decide not to take part in the project without any disadvantage 
to yourself of any kind. 
 
Demographic information such as gender, age, and ethnicity will also be recorded. 
 
This information will only be available to the student researchers, supervisors, and research 
assistants involved in the project.  
 
You shall be informed should any clinically relevant information be discovered about your 
child throughout the study.  
 
The data collected will be securely stored in such a way that only those mentioned below will 
be able to gain access to it. Data obtained as a result of the research will be retained for at least 
10 years in secure storage in compliance with the Health Information Privacy Code (1994). 
Any personal information held on the participants may be destroyed at the completion of the 
research even though the data derived from the research will, in most cases, be kept for much 
longer or possibly indefinitely.  
 
The results of the project may be published and will be available in the University of Otago 
Library (Dunedin, New Zealand) but every attempt will be made to preserve your anonymity.  
 
Any risk or discomfort involved 
 
Your child is unlikely to, but if they experience any discomfort (e.g., too hot, feeling tired) this 
will be addressed immediately. 
 
Withdrawal from the project 
 
Participation in this study is completely voluntary. You may withdraw from participation in 
the project at any time and without any penalty or discrimination. 
 
The name and contact details of the staff member responsible for the project and an 
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If you have any questions please feel free to contact either: 
 
Alannah Corson Keogh (PhD Candidate)      
 Department of Psychology                                             
Telephone Number:- +64 27 713 1583 
 
Sid Wales (PhD candidate)         
Department of Psychology                                             
Telephone Number:- +64 27 671 2224 
 
Dr. Dione Healey (supervisor)      
 Department of Psychology                                             
University Telephone Number:- +64 3 479 7620 
 
Dr. Mele Taumoepeau (supervisor)            
Department of Psychology                         
University Telephone Number:- +64 3 479 4029 
 
Dr. Ben Wheeler (host principal investigator) 
Dunedin School of Medicine, Health Sciences 
Telephone Number:- +64 3 470 9189 
 
Details of Any Reimbursement or Compensation Payable In The Event Of Harm; 
There is no cost in participating in this study. To thank you for your commitment to this study 
you will be reimbursed with a $40 petrol voucher and your child will receive a $20 
Warehouse voucher. 
 
At your request, we can provide you with written feedback in the form of a report or letter 
regarding your child’s test scores, the behavioural scales completed by you and your child’s 
teacher, and the interview that we conduct with you during the evaluation session. 
This study has been approved by the University of Otago Human Ethics Committee. If you 
have any concerns about the ethical conduct of the research you may contact the Committee 
through the Human Ethics Committee Administrator (Ph: +643479 8256 or 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated 
and you will be informed of the outcome. 
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Appendix E 
Parent/Child Consent and Assent Forms 




EXECUTIVE FUNCTION, THEORY OF MIND, AND THE PRAGMATICS OF 
LANGUAGE IN CHILDREN WITH VARYING LEVELS OF INATTENTION, 
HYPERACTIVITY, AND IMPULSIVITY 
CONSENT FORM FOR  
PARENTS/GUARDIANS 
I have read the Information Sheet concerning this project and understand what it is about. All 
my questions have been answered to my satisfaction. I understand that I am free to request 
further information at any stage. 
I know that:- 
1. My child’s participation in the project is entirely voluntary; 
 
2. I am free to withdraw my child from the project at any time without any disadvantage; 
 
3. Personal identifying information such as video recordings will be destroyed at the 
conclusion of the project but any raw data on which the results of the project depend will 
be retained in secure storage for at least 10 years in compliance with the Health 
Information Privacy Code (1994) 
 
4. My child will receive a gift voucher to the value of $20, and I will receive a $40 petrol 
voucher as in thanks for participating. 
 
5. The results of the project may be published and will be available in the University of Otago 
Library (Dunedin, New Zealand) but every attempt will be made to preserve my child’s 
anonymity.  
 
I agree for my child to take part in this project. 
 
.............................................................................  …..………………  
    (Signature of parent/guardian)     (Today’s date)  
     
.............................................................................     
    (Name of child)    
This study has been approved by the University of Otago Human Ethics Committee. If you 
have any concerns about the ethical conduct of the research you may contact the Committee 
through the Human Ethics Committee Administrator (ph +643 479 8256 or email 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated 
and you will be informed of the outcome. 
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LANGUAGE AND SELF-CONTROL  
CONSENT FORM FOR CHILD PARTICIPANTS 
 
I have been told about this study and understand what it is about. All my questions have 
been answered in a way that makes sense. 
I know that: 
1. I do not have to take part if I don't want to and nothing will happen to me. 
 
2. Anytime I want to stop, that’s okay. 
 
3. Sid/Alannah will video record me during one task so that they can remember what I 
say, but the recording will be erased after the study has ended. 
 
4. If I don’t want to answer some of the questions, that’s fine. 
 
5. If I have any worries or if I have any other questions, then I can talk about these 
with Sid/Alannah. 
 
6. They won’t tell anyone else what I have said. 
 
7. Sid/Alannah and the people they work with will write up the results from this study 
for their University work. The results may also be written up in journals and talked 
about at conferences. My name will not be on anything Sid/Alannah writes up about 
this study. 
I agree to take part in the study. 
.............................................................................  ............................... 
    Signed      Date 
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Appendix F 
Parent Consent for School Observation 





EXECUTIVE FUNCTION, THEORY OF MIND, AND THE PRAGMATICS OF 
LANGUAGE IN CHILDREN WITH VARYING LEVELS OF INATTENTION, 
HYPERACTIVITY, AND IMPULSIVITY 
 
PARENT/GUARDIAN –CONSENT FORM (TEACHER) 
 
I      provide consent for my child’s teacher to complete three 
questionnaires: the Children’s Problem Checklist, the BASC-3 Teacher Rating Scales, and 
the ADHD-RS: School Version, and the School Functioning Questionnaire regarding my 
child’s behavior at school and for ____________________________ to observe my child for 30 
minutes of class time. These forms can be sent directly to the researcher (Alannah Corson 
Keogh) in the enclosed envelope. 
 
 
            
 Name of school 
 
 
In respect of        ,     ___. 
   Child’s name     Date of Birth 
 
 
                      
Signature of parent                            Date 
 
This study has been approved by the University of Otago Human Ethics Committee. If you have 
any concerns about the ethical conduct of the research you may contact the Committee through 
the Human Ethics Committee Administrator (ph +643 479 8256 or email 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and 
you will be informed of the outcome. 
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Appendix G 
Teacher Information Sheet 
[Reference Number: H17/018] 
 [17/02/17] 
 
BRAIN PROCESSES, UNDERSTANDING OTHER’S BELIEFS, AND LANGUAGE USE 
IN CHILDREN WITH VARYING LEVELS OF INATTENTION, HYPERACTIVITY, 
AND IMPULSIVITY 
INFORMATION SHEET FOR TEACHERS 
You are being invited to take part in our study comparing specific brain processes, understanding 
of other’s beliefs, and language use in children with varying levels of attention, hyperactivity, and 
impulsivity. One of your students is included in this research project and the student’s parents have 
agreed to us contacting you to invite you to contribute to the study. Please read this information 
sheet carefully before deciding whether or not to participate. If you have any questions at all we 
would be happy to discuss the study further with you. 
The nature and purpose of the research 
The purpose of this study is to investigate the relations between the specific brain processes, 
understanding of other’s beliefs, and language use in children with varying levels of attention, 
hyperactivity, and impulsivity. If specific links are found then it could lead to intervention 
strategies aimed at increasing children’s language ability. This project is being undertaken as part 
of the requirements for Sid Wales’ PhD. 
What type of participants are being sought? 
150 Children aged between 6-12 years who either meet the diagnostic criteria for ADHD or do not 
show any elevated levels of hyperactivity/impulsivity and inattention will be sought for this study. 
The procedure and how long it will take 
Your participation in this study will involve completing four questionnaires (ADHD-RS, CPC, 
BASC-3, and the School functioning Questionnaire) that relate to the identified child’s behaviour 
at school. It should take about half an hour to complete all four questionnaires. Furthermore, 
should you and the identified child’s parent/guardian consent, a trained post-graduate student will 
observe the child for a 20 minute period of a previously arranged class time. 
WORKING MEMORY, PROCESSING SPEED, AND IMPAIRMENT IN ADHD  95 
 
Use of data collected 
The data collected will be used solely for the purposes of this study. Your original responses to the 
questionnaires will be stored in a locked filing cabinet in a security-protected building within the 
Psychology Department of the University of Otago. The data will also be entered into a secure, 
password-protected computer, but with no identifiable information such as names and addresses. 
The only people with access to the data will be the PhD candidate (Sid Wales) and his supervisors 
(Dr Dione Healey and Dr Mele Taumoepeau). 
Data obtained as a result of the research will be retained for at least 10 years in secure storage in 
compliance with the Health Information Privacy Code (1994). Any personal information held on 
the participants may be destroyed at the completion of the research even though the data derived 
from the research will, in most cases, be kept for much longer or possibly indefinitely.  
The results of the project may be published and will be available in the University of Otago Library 
(Dunedin, New Zealand) but every attempt will be made to preserve your anonymity. You are 
most welcome to request that a copy of the results of the project be sent out to you on completion 
of the study.   
Reasonable precautions will be taken to protect and destroy data gathered by email (e.g., identifiable 
information will not be sent by email). However, the security of electronically transmitted information 
cannot be guaranteed. Caution is advised in the electronic transmission of sensitive material. 
Withdrawal from the project 
Participation in this study is completely voluntary. You may withdraw from participation in the 
project at any time and without any penalty or discrimination. 
The name and contact details of the staff member responsible for the project and an 
invitation to contact that person over any matter associated with the project 
If you have any questions please feel free to contact either: 
Sid Wales (PhD candidate) 
Department of Psychology 
Telephone: +64 27 671 2224 
 
Dr. Dione Healey (supervisor) 
Department of Psychology 
University Telephone Number:- +64 3 479 7620 
Dr. Mele Taumoepeau (supervisor) 
Department of Psychology  
University Telephone Number:- +64 3 479 4029 
Dr. Ben Wheeler (host principal investigator) 
Dunedin School of Medicine, Health Sciences 
Telephone Number:- +64 3 470 9189 
 
This study has been approved by the University of Otago Human Ethics Committee. If you have 
any concerns about the ethical conduct of the research you may contact the Committee through the 
Human Ethics Committee Administrator (ph +643479 8256 or gary.witte@otago.ac.nz). Any 
issues you raise will be treated in confidence and investigated and you will be informed of the 
outcome. 
 
We really appreciate you taking the time out of your busy schedule to provide us with this 
information. 
Thank you! 




Teacher Consent Form 




EXECUTIVE FUNCTION, THEORY OF MIND, AND THE PRAGMATICS OF 
LANGUAGE IN CHILDREN WITH VARYING LEVELS OF INATTENTION, 
HYPERACTIVITY, AND IMPULSIVITY  
CONSENT FORM FOR  
TEACHERS 
 
I have read the Information Sheet concerning this project and understand what it is about. All my 
questions have been answered to my satisfaction. I understand that I am free to request further 
information at any stage. 
I know that:- 
1. My participation in the project is entirely voluntary; 
 
2. I am free to withdraw from the project at any time without any disadvantage; 
 
3. Personal identifying information will be destroyed at the conclusion of the project but any raw 
data on which the results of the project depend will be retained in secure storage for at least 
10 years in compliance with the Health Information Privacy Code (1994). 
 
4.   The results of the project may be published and will be available in the University of Otago 
Library (Dunedin, New Zealand) but every attempt will be made to my anonymity.  
 
I agree to take part in this project. 
 
.............................................................................  …..………………      
(Signature of teacher)        (Today’s date)    
   
This study has been approved by the University of Otago Human Ethics Committee. If you have 
any concerns about the ethical conduct of the research you may contact the Committee through the 
Human Ethics Committee Administrator (ph +643 479 8256 or email gary.witte@otago.ac.nz). 
Any issues you raise will be treated in confidence and investigated and you will be informed of 
the outcome. 
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